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COMPLETION OF THE FIRST CRUISE OF THE "CARNEGIE." 

The non-magnetic vessel, "Carnegie," returned to Brookl)m, New 
York, on Thursday, February 17, having covered, in all, 8,000 miles 
since September i, 1909. Her itinerary was, in brief, as follows: 

After completion of tests as to absence of deviation corrections, 
made in Gardiner's Bay, Long Island, August 31 to September 2, 1909, 
she proceeded to New London, Connecticut, for some slight alterations 
in her equipment. Leaving New London September 11, she headed for 
St. Johns, Newfoundland, arriving there at 10 P. M. Saturday, Septem- 
ber 25. Here various port observations and instrumental comparisons 
were made. 

On October 2, A. M., course was set for Falmouth, England, arriving 
there October 14, A. M. Various tests and port observations were again 
made; upon arrival of certain parts of the auxiliary propulsion plant, 
the "Carnegie" left Falmouth November 19 and arrived at Funchal, 
Madeira in the evening of November 24. 

From December 2, 1909, to January 7, 1910, she was engaged in 
making magnetic observations from Madeira to Bermuda, following the 
usual sailing route, approaching the parallel 20** North. 

Leaving Bermuda January 28, the "Carnegie" encountered severe 
northerly or northwesterly gales, thoroughly testing her seaworthiness. 
The vessel was driven across the parallel of Cape Hatteras five times. 
Finally, after 18 days out. New Haven, Connecticut, was made, and 
from thence Brooklyn was reached. In spite of the unusually adverse 
and severe conditions, more or less extensive magnetic observations were 
secured at 15 points between Bermuda and Long Island. 

It had been the full expectation to publish the results of this impor- 
tant cruise in the present issue of this journal; however, owing to the 
I 
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delayed arrival of the "Carnegie," it was not possible to make a final 

deWrmination of instrumental constants and reduction of ^ the observa- 



The "Carnegie" Under Full Sail. 

tions before going to press. The publication must, accordingly, be post- 
poned to the next issue. 

The "Carnegie" will next start out on a circumnavigation of the 
globe. 
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THE PRESENT STATE OF OUR KNOWLEDGE OF 
MAGNETIC MATERIALS.^ 

By A. A. Knowlton. 

The amount of experimental work upon the subject of mag- 
netic materials, within the past few years, is indicated by the fact 
that the indices of Science Abstracts since 1900 contain references 
to more than five hundred papers on this subject. This number 
does not include those papers dealing with the electro-magnetic 
field, nor papers of a strictly technical nature. The writer originally 
undertook to collect from this material the most important results 
with a view to clarifying his own knowledge of the subject, and 
his only excuse for the presentation of this paper lies in the hc^e 
that such a summary of recent work as is here undertaken may 
do a like service for others. 

One of the most important results of the recent studies has been 
the increasing recognition of the distinction between para-magnet- 
ism and the magnetism of those substances which resemble iron and 
which have come to be called ferro-magnetic. This distinction is 
well illustrated by the differences between the magnetic behavior of 
iron and of iron salts in solution. The latter are distinctly para- 
magnetic, ». e,, a tube containing such a solution sets itself along the 
lines of force of a magnetic field, and is acted upon by a force draw- 
kig it into the strongest part of the field. But according to the result 
of Heydweiller {Ann. der Physik, 1903) the susceptibility of such 
solutions is a constant for field strengths between o.i and 40000 
C. G. S. units. In other words, the phenomenon of saturation, so 
characteristic of iron and all other substances commonly spoken of 
as magnetic, is here lacking. This points to a very fundamental 
diflFerence between the nature of para-magnetic and ferro-magnetic 
substances — a diflFerence which is probably not greater than that ex- 
isting between para-magnetism and dia-magnetism. 

An idea of the extent of the recent work may perhaps be best 
given by an outline of some of the subjects treated, with a brief 
statement of the results obtained to date. Obviously direct refer- 
ence can be made to only a few of the many papers whose results 
are here summarized. 

1 Read by title in the absence of the author, at the meeting of the American As- 
sociation for the Advancement of Science, Section B (Physics), Boston, 1909. 

3 
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FerrO'Magnetic Materials. — Of these iron is, of course, the 
most important. The papers of greatest interest are those devoted 
to the effect on the magnetic quality of iron of alloying with small 
quantities of other metals, as Aluminum, Silicon and Tungsten. 
These investigations have been carried on largely by various electric 
companie3 with a view of producing a superior grade of transformer 
iron. The addition of amounts of Al up to 5% was found to some- 
what improve the quality. Recently the General Electric Company 
claims to have obtained an alloy with Silicon of good quality, and 
free from the defect of aging. A number of papers upon the prop- 
erties of the other ferro-magnetic metals, Ni and Co, have added 
detail to our knowledge of their behavior without giving any results 
of general importance. 

By all means the most striking developments in the field of 
ferro-magnetics is Heusler's discovery that alloys may be made con- 
taining none of the metals usually spoken of as magnetic, which 
are, nevertheless, as strongly magnetic as cast iron and which ex- 
hibit all the phenomena of ferro-magnetism, with the one important 
exception of the Kerr effect. It appears probable that the magnetic 
properties of these alloys are inherent in a certain crystalline struc- 
ture, the magnetic crystals probably containing Mn-Al units im- 
bedded in some sort of matrix which exerts an important influence 
upon their behavior. This, of course, indicates that ferro-magnet- 
ism is a crystalline rather than a molecular property, — a view which 
is confirmed by work along other lines. 

Besides the Cu-Mn-Al alloys of Cu-Mn with tin, arsenic and 
antimony are ferro-magnetic, but in a less degree. No attempts 
seem to have been made to replace the copper by any other metal, 
probably because the tendency has been to regard the copper as 
playing a relatively unimportant part in the phenomena — a view 
which is perhaps not wholly justified by the experimental work. 
Neither, so far as I know, has any systematic search been made for 
a metal to replace the manganese in combination with the trivalent 
metals. In fact, it appears that nearly all workers have assumed, 
from the position of manganese in the periodic table, and from the 
high value of its atomic susceptibility as found by S. Meyer, that 
manganese is a true ferro-magnetic element, the real properties of 
which are, in some unexplained way, completely masked while in 
the pure state, and show themselves only upon the addition of one 
of the trivalent metals. While this may be true, the evidence for 
such a view is far from convincing. 
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OUR KNOWLEDGE OF MAGNETIC MATERIALS 5 

The absence of the Kerr effect is a fact of very great impor- 
tance. If true, and there seems no doubt that it is, we must suppose 
either tiiat the cause of ferro-magnetism in these alloys is different 
from the cause of the same phenomenon in iron, or that the Kerr 
effect in iron is, in reality, an accidental, rather than an essential, 
accompaniment of the magnetism — two suppositions, either of 
which appears inherently improbable. 

Permanent Magnets. 

The work of Kempken and Gans upon permanent magnets 
shows that a permanent magnet is the seat of a constant magneto- 
motive force even when the reluctance of the circuit is increased by 
as much as 170%, while under the same conditions the magnetic flux 
of such a magnet is a variable quantity. Such a magnet may thus 
be likened to a battery or a dynamo of constant E. M. F. whose cur- 
rent output is dependent upon the resistance of the external circuit. 
This result, which agrees with the assumption of Heavyside and is 
contrary to that of Abraham, constitutes our most important ad- 
vance in this particular field. It would appear to point definitely to 
a system of electronic currents of constant value and position as the 
cause of permanent magnetism, and, of course, a similar system, 
variable in position, must be the cause of the temporary magnetism 
induced by an external field. So far all attempts to reconcile this 
fact with the undoubted crystalline nature of ferro-magnetism have 
been, to say the least, unsatisfactory. 

A very striking illustration of the crystalline nature of ferro- 
magnetism is found in the mineral pyrrhotine (magnetic sulphide of 
iron, Fe^ Sg) which is strongly magnetic in one direction, but non- 
magnetic in directions at right angles to the first. The work of 
Maurin upon the magnetism of electrolytic iron deposited in a mag- 
netic field is also of great interest. He finds that after a layer of 
iron has been deposited upon a brass tube in a magnetic field a sec- 
ond layer deposited in a field of the same strength but opposite in 
direction is still magnetized in the original direction, the value of / 
being about 85% that of the original layer. When the strength of 
the reversed field is increased to about three times its original value, 
there is an abrupt change in the sign of the magnetism of the de- 
posit. Clearly one has here to deal with forces of very great in- 
tensity due to the structure of the crystals of iron already deposited, 
and it seems likely that these forces are of exactly the same nature 
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as those which control the growth of a crystal of sugar in an over- 
saturated solution. Thus the arrangement of atoms in the crystal 
is, possibly, due to these crystal building forces while the orientation 
of the magnetic crystal as a whole may determine the direction of 
magnetization. 

Quite at the other extreme are the numerous very interesting 
researches of Weber, S. Meyer, Meslin and others upon the suscep- 
tibility of such weakly magnetic substances as water, solutions of 
salts and compounds in the solid state — a line of work which was 
originally begun by Quinke much earlier. Meyer has. measured the 
so-called atomic susceptibility, i. e., the susceptibility of a solution 
containing one gram atom of the element under investigation per 
cubic centimeter — for a great number of metallic elements, both in 
solution and in the form of pure salts, finding the values thus ob- 
tained constant over a wide range of field strength. 

His results for the iron group and the metals of the rare earths 
are given in the accompanying table. 
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It will be noticed that in both cases the atomic susceptibility 
increases toward the middle of the group and decreases toward the 
end, thus adding another to the list of quantities which are periodic 
functions of the atomic weight. Furthermore, it is evident that the 
atomic susceptibility bears no relation to the ordinary or mass sus- 
ceptibility. These results have already been alluded to as part of 
the evidence adduced for believing Mn a ferro-tnagnetic element. 
Is it not more likely that the para-magnetism here measured is a 
quantity of quite a different nature from the ferro-magnetism ex- 
hibited by iron in the metallic state. 

Burton and Phillips have measured the susceptibility of colloidal 
solutions of iron, obtaining results considerably larger than those 
of Meyer for solutions of either ferric or ferrous salts. The recent 
work of Zsigsmondy and others upon the nature of colloidal solu- 
tions indicates that work along this line should be of considerable 
interest since it appears to offer a means of determining the depend- 
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ence of susceptibility upon the size of the particle by making it pos- 
sible to work with particles of pure iron intermediate in size 
between the traditional iron filing and the atom. 

Clifford has been the first observer since Faraday to obtain dia- 
magnetic copper, and has found that copper-tin alloys are more 
strongly dia-magnetic than pure copper in spite of the para-mag- 
netic nature of tin, thus establishing the existence in the dia-mag- 
netic field of a phenomenon analogous to that of the Heusler Alloys 
in ferro-magnetics. Work with bismuth appears to indicate a dif- 
ference in its dia-magnetic quality dependent upon the orientation of 
the crystals in the field. Further work along this line, however, is 
greatly to be desired. 

The relations of magnetism to other properties have been ex- 
tensively studied. In the present state of our theoretical knowledge 
the great mass of data upon the subject of magneto-striction, to 
which the industry of Nagaoka and Honda has contributed so much, 
cannot be interpreted. The effect of a magnetic field upon elec- 
trical and thermal conductivities has been extensively studied by 
several observers who find an increased resistance in the transverse 
magnetic field for all para-magnetic and ferro-magnetic metals and 
a decreased resistance under the same conditions for dia-magnetic 
materials. These results are doubtless closely connected with the 
Hall effect, and are as unexplainable in terms of our present simple 
electron theory as is that phenomenon itself. Concerning the 
effect of a magnetic field upon thermal conduction, contradictory re- 
sults have been obtained. Perhaps the best experiments appear to 
indicate the absence of such an effect, although one would naturally 
infer its existence because of the close connection between thermal 
and electrical conduction. 

To what general conclusions do these results lead? Obviously 
as it seems to me dia-magnetism in all cases, except possibly bismuth 
and the Cu and Sn alloys of Clifford, is to be regarded as an atomic 
property as is also para-magnetism in the narrower sense of the 
term, while ferro-magnetism is undoubtedly neither atomic nor 
molecular, but crystalline. Indeed it is questionable if the word 
molecule has in the present state of our knowledge any definite 
physical significance whatever when applied to matter in the solid 
state. Is there any evidence for the so-called molecular theory 
which will not apply equally well to prove that magnetism is a 
crystalline property? 
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Ultimately, of course, all magnetic phenomena must be due to 
electronic currents. The very beautiful hypothesis of Langvin 
(Journal de Physique, Oct., 1905) appears to account in quite a 
satisfactory manner for the phenomena of dia-magnetism and para- 
magnetism, but throws little, if any, light on the more complicated 
ferro-magnetism. The cause of this property must, in the opinion 
of the writer, be associated with some peculiar grouping of tEe ulti- 
mate particles (molecules in the chemical sense) of the material 
whether it is an element like iron or a mixture as in the Heusler 
alloys. The phenomena of hysteresis are on the other hand prob- 
ably due, in part at least, to the nature of the matrix surrounding 
the magnetic elements and to the constraints which this matrix 
exerts upon these magnetic groups. A comprehensive working 
hypothesis as to the precise nature of this structure is the greatest 
present need in this field. 

Dept. of Physics, University of Utah, 
Salt Lake City, Utah, Dec. 20, ipop. 
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BEGINNING AND PROPAGATION OF THE MAGNETIC 

DISTURBANCE OF MAY 8, 1902, AND OF SOME 

OTHER MAGNETIC STORMS. 

By L. a. Bauer. 

On May 8, 1902, as may be recalled, there occurred shortly be- 
fore eight in the morning one of the most interesting eruptions on 
record — that of Mont Pele. According to the late Professor Angelo 
Heilprin, the clock on the military hospital of St Pierre was found 
stopped at 7** 52" A. M., St. Pierre local mean time. Some reports 
give the time of beginning of the outbreak as 7** 50" A. M. 

This eruption was not accompanied by any gjeat outpour of 
ashes or flow of lava, there were no earthquake effects nor such 
barometric fluctuations as were observed in connection with the 
great eruption of Krakatoa in 1883. Instead there was violently 
ejected a cloud consisting of fine dust and a gaseous vapor whose 
death-dealing, scorching blast overwhelmed the stricken inhabit- 
ants of St. Pierre and caused complete extinction of life in but a 
few minutes. All reports dwell particularly on the pronounced 
electrical phenomena beheld above Mont Pele. 

There occurred, on the same day, a world-wide magnetic dis- 
turbance the time of whose beginning is found, by examination of 
the records received from twenty-five magnetic observatories dis- 
tributed over the globe, to be as follows : 

Greenwich mean civil time of 
Source beginning of disturbance, May 8, 1902 

Mean of 23 declination records iil> 58.1116 

" ** 23 horizontal intensity records 5^. 9 

" " 10 vertical " " 58. 8 

Weighted Mean 11 5a78 

Taking the geographical co-ordinates of St. Pierre as 14*^46' N. 
and 6i**07' or 4** 04^.5 West of Greenwich, it is found that the av- 
erage time of beginning of the magnetic disturbance for the entire 
globe was 7* 5^.i A. M., May 8, 1902, St. Pierre local mean time, 
or about two minutes after the time of stoppage of the St, Pierre 
clock. 

This disturbance of the magnetic needles all over the Earth is, 
hence, of peculiar interest. It is the only case at present known 
where the coincidence between an eruption and a magnetic storm 
2 9 
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was so sharp and so well-defined as to lead several magneticians to 
suggest, iftdependently, the possibility of a connection between the 
two phenomena. 

In the mightier eruption of Krakatoa of 1883, no magnetic dis- 
turbance affecting the entire Earth simultaneously, or nearly so, 
was noted. A discontinuous disturbance occurred at the near-by 
Batavia magnetic observatory, which lasted merely during the rain 
of volcanic ashes upon Batavia, and the observer attributed the 
effect to the magnetic character of the ashes. If there was any 
general magnetic effect referable to the eruption, it was of a totally 
different character from that here considered, for Whipple found 
for the velocity of propagation of a magnetic disturbance, which 
occurred on the day of the Krakatoa eruption, about 1000 miles an 
hour. At this rate, it would have taken the magnetic disturbance of 
May 8, 1902, a day to travel around the Earth. 

Dr. Chree, in paragraphs 17, 18 and 19 of his presidential ad- 
dress before the Physical Society of London, February 12, 1909, 
which has just come to my hands, discusses the Mont Pele magnetic 
disturbance.^ On the basis of the records at Kew, Q)laba, 
Mauritius, Christchurch and the Discovery's "Winter Quarters'' he 
reaches "the conclusion that the causes in operation during the 
commencement of the magnetic storm of May 8, 1902, were not of 
an exceptional kind," or in other words, "that the Mont Pele erup- 
tion had probably no direct connection with the magnetic storm." 

He explains that he was led into an examination of this dis- 
turbance by my suggestion, to use his own words (not mine), as to 
the "possibility of a magnetic effect, arising presumably from dis- 
placement of magnetic matter at Mont Pele, or from some direct 
influence of the eruption on the Earth*s magnetism". I have made 
several brief communications on this disturbance, the latest one 
being contained in my address, "The Present Problems of Terres- 
trial Magnetism", given before the Section of Cosmical Physics, 
St. Louis Congress of Arts and Sciences, 1904. (See vol. IV, 

p. 751) 

In common with other magneticians, I considered the question 
of some causal connection between the magnetic disturbance and 
the eruption one well worthy of investigation, not alone because of 
the facts in the present case, but because similar magnetic disturb- 

1 See also Part III, Magnetic Observations of the National Antarctic Expedi- 
tion, 1909. 
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ances occurred at the time of the eruptions of May 20 and July 9, 
1902, an^ also in view of certain phenomena observed in connection 
with earthquakes. I beg to quote from the St. Louis Congress 
address : 

" While the mathematical analysis has not yet been completed, it 
has progressed sufficiently far to show that the cause of the magnetic 
disturbance can not be referred to any distribution of electric currents 
belouf the Earth's surface, but that, on the other hand, the observed 
phenomena are better satisfied by assuming a distribution of electric 
currents in the regions above us. As is known, it is with the aid of the 
changes in the vertical component of the Earth's magnetism that we can 
decide whether the forces producing the observed disturbance have their 
seat in the Earth's interior or in the regions outside. The question now 
is, was the coincidence between the magnetic disturbance and the Mt. 
Pel^ eruption a mere chance connection? If not, then the further an- 
alysis of the magnetic disturbance is going to be of the greatest interest." 

It may be stated that as the result of a circular request sent to 
all magnetic observatories, we have in our possession the most com- 
plete data relating to the disturbance in question. Considerable 
work in the reduction of the observational data with the view of 
publication has already been put on the investigation and various . 
mathematical analyses have been made. It gives me much pleasure 
to acknowledge here the valuable assistance rendered by Messers. 
J. A. Fleming and H. W. Fisk in the preparation of the necessary 
material. Final opinion as to causal connection must be deferred. 

Was the Magnetic Disturbance of May 8, 1902, Instantaneous? 

The question to be investigated in the present paper is : was the 
magnetic disturbance of May 8, 1902, strictly instantaneous all over 
the Earth? As is known, the general opinion is, that the times of 
beginning of cosmic magnetic storms, within the probable errors 
of time measurements, may be considered as the same over the 
Earth. 

Arranging the times of beginning at 25 magnetic observatories 
according to increasing east longitude, an impression is conveyed 
that, beginning with European stations, the times, in general, in- 
crease somewhat going around the Earth eastwardly. These times 
are recorded in Table I. First will be found the co-latitude u, and 
the longitude, X, of the station, next the time of beginning of the 
perturbation as scaled from the H or horizontal intensity curve, 
next the time for the D or declination curve and finally for the Z 
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or vertical intensity curve. The disturbance was sharpest in H, 
less so in Z? and least in Z, hence preference in the times settled is to 
be given accordingly. The columns marked w give the weight, on 
an arbitrary scale, to be given the time entry on the left, this weight 
being based on all considerations involved in getting the time de- 
termination. 



Tabu I. Greenwich Mean Civil Time of Be^inning^ of Magnetic 
Disturbance^ May 8^ /902. 



No. 



Station. 



Co- 
Lati- 
tude. 



Lonvi- 

t«de 

B. of Gr. 



Greenwich Mean Time of Beginning. 



H 



I 

2 

3 
4 
5 
6 

7 
8 

9 
10 
II 



12 
13 
14 
15 
16 

19 



20 
21 
22 
23 
24 
25 



Stonyhurst, 
Kew, . . . . 
Greenwich, 
Val Joyeux, 
Bochum, . . 
Munich, . . . 
Potsdam, . . 
Pola, . . . . 
Hemsdorf,. 
Breslau, . . . 
Pawlowsk,. . 



Mauritius,. . 
Colaba, . . . 
Dehra Dun, . 
Manila, . . . 
Zi-ka-wei, . . 
Tokio,. . . . 
Melbourne, . 
Christchurch, 



Honolulu, . . . 

Sitka, 

Baldwin,. . . . 
Toronto, . • . 
Cheltenham,. , 
Staten Island, 



36.5 
38.5 
38.5 
41.2 
38.5 
41.8 
37.6 
45.1 
39-2 
38.9 
30.3 



1 10. 1 
71.1 
59.7 
75.4 
58.8 

54.3 
127.8 

133.5 



68.7 
33.0 
51.2 
46.3 

144.6 



—2.5 

—0.3 

0.0 

2.0 

7.2 

1 1.6 

^3.1 

13.9 

16.2 

17.0 

30-5 



57.6 
72.8 
78.0 
121.0 
121.4 
139.8 
145.0 
172.6 



201.9 
224.7 
264.8 
280.5 
283.2 
295.9 



h m 

II 61 

58 

57 

56 



57 
60 
60 



57 



58 

56.5 

5§ 

58.5 

61 

61 

59 



60 



h m 
II 58 

% 

58 
57 
59 
57 

I 

58 
58 



58 
58' 



62 

57 
60 



58 

64 

65 

59.5 

57 

58 



h m 



II 59 
56 



60 
59 



58 

"'eo' 
58 
61.5 



63 
55 



Sometimes owing to the entrance of very small perturbations 
it is difficult to determine precisely the exact point of beginning 
even for the horizontal intensity curves. This will be evidenced 
from an inspection of Figures i and 2, which give a reproduction, 
on a reduced scale, of the changes in horizontal intensity from 9 
A. M. to 8 P. M., Greenwich mean civil time. May 8, 1902, or 5 
A. M. to 4 P. M., St. Pierre local mean time. The broken vertical 
line to the left of the one marked 12 and 8, marks the average time 
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of beginning of the disturbance. The interval for the ordinates is 
20 gammas or 0.00020 C. G. S. unit of magnetic intensity. 

In order to minimize the effect of the inevitable uncertainties 
in the time determinations, the results were summarized in the fol- 
lowing three groups: 

Group I represents the average of all European observatories 
(eight for horizontal intensity and eleven for declination, stations 
Nos. i-ii), Group II, the average of eight observatories situated in 
the Indian Ocean, Asia, Australia and New Zealand (stations 12 to 
19), and Group III is the average of the six observatories located in 
the Hawaiian Islands, North America and Staten Island in the 
South Atlantic Ocean (stations 20 to 25). In forming the 
weighted mean time, in the last column of the table II, double 
weight has been given to the time derived from the horizontal in- 
tensity magnetograms for the reason already stated. 

Tabi«b IL Greenwich Mean Civil Times 0/ Magnetic Disturbance May 8, 
1902, arranged in two groups. 



Groap 


Average 


Disturbance began Greenwich Mean 
Civil Time 


Lmtitude 


Longitude 


Hor. Int. 
H 


Decl'n 
D 


Weighted 
MeAn 


I 

II 

III 




51.3 N 

1.7 N 

25.3 N 




9.7 E 

111.4 B 

•25ai E 


h m 
II 58.24 
58.72 
60.31 


h m 
" 57.89 
59.13 
59.56 


h m 
II 58.12 

baoo 


Mean 


26.1 N 


126.4 E 


II 59.09 


II 58.86 


II 59.01 



Looking over these figures, it is seen that for both elements 
{H and D), the time of beginning increases with increasing east 
longitude. Letting x = time it took the disturbance to pass over 
90 equatorial degrees of longitude, 1. c, over a quadrant of the Earth, 
we find for the value, by least squares, 0.886"; hence, to travel 
around the Earth completely it would take the disturbance 4 times 
0.886 = 3.55", or about three and one-half minutes — a measurable 
interval especially by taking the mean, as was done, of several sta- 
tions. Practically the same result is reached by treating the H and 
D times separately instead of combining into a weighted mean. 

That it took an appreciable interval for this disturbance to en- 
compass the Earth and that the wave travelled, in the main, east- 
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Fig. I. Magnetic Disturbance^ May 8, 1^02. 
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Fig. 2. Magnetic Disturbance ^ May 8, igo2. 
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wardly is also shown by the times of beginning of the disturbance 
in the vertical intensity. Thus for 49**.! N. and S'^-S E., the mean 
time of four European observatories was ii** 58.43°* and for 15** S. 
and IQS-'^S E., the mean time of six observatories (Asia and Amer- 
ica) was ii*» 59.23"*. However, these results are subject to a 
greater error than those for H and D, either because of the minute- 
ness of the disturbance but more often due to more or less indefi- 
niteness of beginning. 

According to Table II, for 26® N. and 126® E., the disturbance 
began at 11** 59.01"; the average time deduced from all the observa- 
tories around the whole globe was 11** 58.78". Assuming a uni- 
form rate of travel, as above deduced, we find that this average 
time should have been reached about 21** west of the 126th merid- 
ian or approximately in longitude 105'' East. Hence, the meridian 
from which it may be supposed the disturbance originated is 180® 
west of 105° East, or 75** West, roughly. 

Were we to compute when the disturbance might have been 
observed at St. Pierre, if a magnetic observatory had been there, we 
should find ii*» 57.2™ Greenwich mean civil time or 7** 52.7" St. 
Pierre local mean time — agreeing within less than a minute of the 
time of stoppage of the St. Pierre hospital clock, a most remark- 
able coincidence to be sure but, at present, there are no means of 
ascertaining how correctly local mean time was kept at St. Pierre. 

But we are here more particularly concerned with the interest- 
ing fact disclosed for the first time by this disturbance, namely, 
that it originated in some particular region of the globe (about 7$^ 
West longitude), then trai'eled eastwardly around the Earth, the 
average rate of progress being about 7000 miles per minute, and 
the whole Earth being encircled in about jj^ minutes. 

As already intimated, investigators of the simultaneity of mag- 
netic storms have, heretofore, concluded that the differences in time 
of beginning shown by observatories, at least in middle latitudes, 
could doubtless be accounted for by the errors inherent in the time 
measurements. (See the researches by Ellis, van Bemmelen, Birke- 
land and others.) No one, as yet, has deduced any measurable 
rate of propagation. It will, therefore, be of special interest to re- 
investigate this matter with the view of determining whether the 
facts disclosed by the disturbance of May 8, 1902, was peculiar to 
it or is also true of other magnetic storms. 
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Are Magnetic Storms, in General, Strictly Instantaneous? 

To investigate this matter with best success we ought to pick 
out comparatively simple disturbances — ^those which, like the one 
of May 8, 1902, began with sufficient abruptness to permit of a 
fairly accurate measurement of time as well as ready identification 
from station to station. A good case in point is the first magnetic 
disturbance investigated in Birkeland's "Norwegian Aurora Polaris 
Expedition, 1902-3," vol. i, pp. 63-69, namely, his "positive equa- 
torial perturbation" of January 26, 1903. On page 64 he tabulates 
the times, as measured by him, for 6 more or less sharply defined 
points of the magnetograms, chiefly horizontal intensity, No. i be- 
ing the point of beginning; these times are reproduced in Table III. 
I have added the co-latitude, u, the east longitude, X , and the co-dip 
of the north end of the dip needle. 

Tabi«b in. Greenwich Mean Civil Times for the Magnetic Disturbance of 
January 26, 1903^ according to Birkeland, 



No. 


STATION. 


Cv 
Lati- 
tude. 

u 


Longi- 
tude. 

X 


Ca4ip. 
90-1 


Characteristic Point of Curve. 




I 


2 


3 


4 


5 


6 


I 


Honolulu 




68.7 

Si.a 
46.2 

51-3 
20.1 

30.3 

% 

53.5 
48.3 

59-7 
71. 1 
58.8 
96.2 
133-5 




201.9 
264.8 
280.7 
283.2 
23.0 
30.5 
357-5 

353.8 
44.8 
78.0 
72.8 
121.4 
106.8 
172.6 




49.8 
21.4 

15.5 
19.6 

13.5 
19.4 
2L2 
22.9 
22.3 
23.7 
34.9 

34 

46.8 
68.4 
44.3 

120.3 

157.7 


h m 
850.8 

52.4 
52.6 

54.9 
52.6 


h m 
10 50.1 
53-5 


h m 
II 29.8 


h m 
12 29.7 


h m 
1349 


h m 
14 13.0 


2 


Baldwin') 


3 

4 


Toronto*) 










Cheltenham') 


54 
52.9 










304 


32.3 
29.8 

32.5 
32.7 
29.9 

33-2 

33.6 

31.6 

32 

33-3 

34.9 

35.5 

33.2 


54.9 
51.7 


18.8 


Pawlowsk 


157 
17.5 
19.5 

18.9 

I9.I 

16 


I 


Stonyhurst 






27.1 
32.9 
30 


Kew 






55.8 
53.6 
53.8 
54.5 
51.7 
54.2 
52.6 

56 
55.4 


9 
10 


Wilhelmshaven.. 










II 
12 


San Fernando .... 
Tiflis . . 


54.3 




32.5 
31.I 
31.4 
31.5 
33.5 
33.9 
33.6 


13 


Dehra Dun 


52.7 
53.9 


51.6 

53 

541 

54.9 

53.2 


18.4 


Bombay 


Zi-ka-wei 


Batavia 


54.9 
54.8 


195 
19.9 


17 


Christchurch 



1) Identification said to have been difficult. 

In order to reduce the error of time measurements and since 
an inspection of the table indicates that there is apparently a pro- 
gression to the eastward, I have combined the stations into two 
groups, a westerly and an easterly one, as shown in Table IV. 
Looking over the last column, T^ — T^, it will be seen that the differ- 

3 
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ences are invariably positive, i. e., the time of the disturbance for 
all the points measured by Birkeland is greater for the easterly 
group than for the westerly one. It is found, by least squares, that 
to pass over a quadrant or one-fourth of the Earth's circumference^ 
the disturbance required an interval of 0.954 of a minute or 3.92 
minutes to go around the whole Earth, the velocity of propagation 
being about 6400 miles per minute. 

Tabi«b IV. Greenwich Mean Civil Times of Magnetic Disturbance, 
January 26^ igoj, arranged in two groups. 



I 


West Group 1 


Bast Group 




D 
1 


SUtions Used 


Average 


Stations Used 


Average 


l*a-T, 


2 
3 


u 

I 


X 

I 


T 

1 


U 

2 


X 

2 


T 

2 


AT 


I 
2 
3 
4 

% 


Nos. I to 5 inclusive 
'* 1,2,4.5 
*• 5.7,8,9 II 

5 to 1 1 inclusive 
** 5. 6,8. Q, ID, II 
*• 5 to II Inclusive 


o 


o 

282.7 
283.2 
4.5 
9.4 
11.4 
9.4 


h m 
852.66 

10 52.65 

11 3058 

12 32.00 

13 54 05 
12 18.11 


Nos. II, 13, 14, 16, 17 
** 13 to 17 inclusive 
»' 12 to 17 *' 
'• 12 to 17 " 
*' 12 to 17 

" 12 to 17 ** 



82.8 
83.9 
77.9 
78..^ 
78.3 
78.3 



84.8 
1 10.3 
99.4 

99-4 
99.4 
994 


h m 

854.16 
10 5336 
u 32.50 
12 33.42 
»3 54.32 
12 19.05 


m 
+ 1.50 
-f-0.71 

+ 1.92 
-1-1.42 
+ 0.27 
+ 0.94 



It is thus seen that the disturbances of May 8, 1902, and of 
January 26, 1903, both traveled around the Earth eastwardly, at 
an average velocity of about 6700 miles per minute, taking from 5J/2 
to 4 minutes to make the complete circuit. The disturbance of May 
8, 1902, as determined from the times of beginning at the various 
stations, began in about the meridian of jf West, whereas the 
initial meridian for the disturbance of January 26, 1903, computed 
in a similar manner, was found to be, roughly, 160° West. 

Birkeland does not give the time scalings for characteristic 
points of the other simple, "equatorial disturbances'' investigated by 
him. He does so, however, for some of the more complicated 
storms — "polar*' ones, for example. Examining these in a general 
way, still greater time differences are disclosed than for the two 
cases investigated above — in fact the differences are so great and 
so persistent that they cannot be referred with success to error of 
time determinations. It would also appear that for complicated 
storms the times may be appreciably different, at the same sta- 
tions, for the various magnetic elements registered. I have gotten 
the general impression, that the more complex and pronounced the 
magnetic storm may be, the slower the rate of propagation — ^the 
velocity may even dwindle down to 1000 miles per minute or lessl 
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Let us next examine briefly into the most comprehensive in- 
vestigation heretofore made as to the simultaneity of magnetic 
storms — that by Ellis (Proc. Roy. Soc, vol. 52, p. 191). He in- 
vestigates 17 cases of abruptly beginning magnetic storms, em- 
bracing the period April 16, 1882, to July 17, 1889. The times are 
tabulated for the following 8 observatories: Toronto, Greenwich, 
Pawlowsk, Mauritius, Mombay, Batavia, Zi-ka-wei and Melbourne. 
For each of the 17 cases the mean time derived from all elements 
registered is given for each observatory and then the general mean 
of the 8 stations formed and next the individual differences or 
"deviations", as Ellis calls them, from this general mean are re- 
corded for each observatory. 

Looking at Ellis's differences, it would appear that, in general, 
the recorded times are less for a westerly group of stations than for 
an easterly one. Ellis, himself, remarks this but as the range is, in 
general, less than 5 minutes and, since in some cases the time given 
was evidently one or more minutes in error, he wisely refrained 
from drawing a definite conclusion. When, however, he grouped 
and plotted the average results according to magnetic latitude (p. 200 
of his paper), then it appeared to him that there might be a time 
increase from north to south. 

Re-examining Ellis's results in the light of the present contri- 
bution, it is found that, on the average for the 17 magnetic storms 
treated, it took a disturbance to go around the Earth, eastwardly, 
2.5 minutes and around a meridional circle, 3 minutes. These times 
are about a minute less than found for the disturbances of May 8, 
1902, and January 26, 1903, this having come about in this way : 

While the majority of magnetic storms appear to be propa- 
gated eastwardly around the Earth, there are also some that un- 
doubtedly go westwardly, certainly a part of the time, and also 
have a motion in latitude. Hence for the same station there may 
sometimes be a negative difference from the mean time of all ob- 
servatories tabulated and at other times, a positive one. Accord- 
ingly, when the average of a number of magnetic storms is taken, 
as Ellis had to do, the average "differences*' may be appreciably re- 
duced and the resultant velocity be correspondingly increased or 
the time of encircling be proportionately decreased. 

Another important item to be considered is: on what meridian 
did the disturbance originate? Thus it may happen that, in group- 
ing several stations together to get the mean time, there might be 
included a beginning station and an ending station and thus the real 
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differences of time would be cut down. In other words, in getting 
the velocity and direction of propagation we must have not less 
than three station-groups, favorably situated. Had we but two, 
the question would arise which way did the disturbance go — along 
the shorter arc of the great circle passing through the two station 
groups, or around by the greater arc ? The resulting velocity would 
be accordingly affected. 

If then, instead of taking the indiscriminate average of the time 
differences for the 17 storms investigated by Ellis, the attempt is 
made to separate the eastwardly-going storms from the westwardly 
ones, velocities will result approaching closer to those gotten for 
May 8, 1902, and January 26, 1903, though for individual storms 
the velocity may be found reduced to 2000 or 3000 miles a minute 
and less. 

The following conclusion is drawn : 

Magnetic storms do not begin at precisely the same instant all 
over the Earth, The abruptly beginning ones, in tvhich the effects 
are in general small, are propagated over the Earth more often east- 
wardly though also at times westwardly, at a speed of about yooo 
miles per minute, so that a complete circuit of the Earth would be 
made in 3^/2 to 4 minutes. For the bigger and more complex mag- 
netic disturbances the velocity of propagation may be cut down 
considerably. The time of beginning of the disturbance may be 
appreciably different, for the various magnetic elements, according 
to the character of the operating systems. 

Further examination will doubtless show that, even for the 
quickly moving disturbances, the circuit is not made around a true 
parallel of latitude but rather around a magnetic parallel. What 
the actual path may be for the less quickly moving perturbations re- 
mains to be investigated. Furthermore with the knowledge gained 
by the subsequent investigations, more scientific groupings of the 
times of beginning, than above given, could now be made. 

Just what physical constants there are disclosed to us in the 
conclusion above stated, cannot be said just now. I have consid- 
ered the facts of sufficient importance to warrant early publication 
in order to induce others to institute similar inquiries. At my re- 
quest, Mr. R. L. Faris, Inspector of Magnetic Work of the Coast 
and Geodetic Survey, has examined a number of interesting cases 
of magnetic perturbations, the results of which he will report upon 
himself in the next issue. I may anticipate by saying that they con- 
firm the general conclusions of this paper. 
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ANALYSIS OF THE MAGNETIC DISTURBANCE OF 
JANUARY 26, 1903, AND GENERAL CONSIDERA- 
TIONS REGARDING MAGNETIC CHANGES. 

By L. a. Bauer. 

Among the very notable advances made with regard to the 
origin and formation of magnetic storms, must be counted the ex- 
perimental and observational results of Birkeland and the mathe- 
matical work of his colleague, Stormer. Birkeland*s recently pub- 
lished volume^ presents a wealth of material to the student of ter- 
restrial magnetism. 

At present, however, Birkeland's results and deductions must 
be regarded chiefly as qualitative. While he makes very plausible 
that the cause of our magnetic storms is chiefly to be referred to 
cathode rays originating in the Sun and coming within reach of the 
Earth's magnetic field, there are a great many questions left open 
which will require answering before full acceptance can be given to 
the theory. And no one appears to be better aware of this fact than 
Birkeland himself. I am sure, therefore, that he will welcome any 
additional light that may be shed. 

It seems very desirable that some one take up now the investi- 
gation from an analytical standpoint, vis,, take a typical magnetic 
storm and analyze the observed effects into spherical harmonic terms 
so as to determine just how much is due to outside currents and 
how much to currents within the Earth itself. How the Earth's 
own magnetic system is affected — whether the intensity of magneti- 
zation is increased or decreased, if there are any after effects, 
whether the currents within the Earth are induced ones or are the 
same indirection as those outside, etc., etc. — are some of the in- 
teresting and important questions to be solved. 

Birkeland, from a general consideration of the effects of a mag- 
netic disturbance on the vertical intensity, concludes that all storms 
originate from without and it is quite possible that he may be right, 
but the conclusion can not be accepted as invariably true without a 
detailed mathematical analysis of each particular case. In his first 
volume, he accordingly proceeds on the assumption that by far the 
greater part of a disturbance is due to upper electric currents, 
though quite likely, in a subsequent volume, he will consider the 

iC/. Terr. Mao. XIV, 8i. 
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subterranean currents also. Since the quantities we actually must 
operate with appear to be resultant effects of external and internal 
forces, it is very desirable that we should kno^v just what propor- 
tion must be referred to one cause or the other. For this separation 
we require, however, a knowledge of the disturbances in the vertical 
intensity and these are either difficult to determine with sufficient 
accuracy or are not to be had at a sufficient number of stations. So 
that Birkeland was perforce compelled in his first treatment to 
assume chiefly external currents, and the probabilities are that he 
is not, in general, far from the truth. 

Regarding the Lazv of Magnetic Changes. 

There are, however, cases where a simple, mathematical analysis 
can be quickly and effectively made and the results obtained thereby 
supplement what is to be gleaned from the more or less meager data. 
Before, however, giving a typical case, it may be desirable to con- 
sider for a few moments a law found controlling magnetic changes 
in general, which I shall tentatively state thus : 

Alterations in the Earth's magnetic condition, whatever their 
nature or origin may be, appear to be distributed over the globe ac- 
cording to a lazv profoundly dependent upon that governing the dis- 
tribution of the Earth's own primary magnetic forces. 

Accordingly, since the Earth's magnetic state is known to be 
of a very heterogeneous character, requiring an exceedingly com- 
plicated mathematical expression for even but a very approximate 
representation, it may be confidently expected that any magnetic 
change or disturbance, from whatever source it may come and of 
however simple a type it may originally be, by the time it has en- 
tered the Earth's field and has impressed itself upon our magnetic 
instruments, will have been converted into an equally complex type 
to that of the Earth's magnetism itself. 

Roughly speaking, about 95 per cent of the Earth's total mag- 
netization must be referred to electrical currents or magnetized 
bodies below the surface. Nearly 70 per cent may be represented 
by a simple uniform magnetization about a diameter inclined ap- 
proximately 11° to the axis of rotation and approximately 25 per 
cent of the internal field is of the very complex character to which 
reference has been made. 

The outstanding 5 per cent of the total field is seemingly due 
to a magnetic system or an equivalent system of electric currents 
in the regions above the Earth's surface and there is even a possi- 
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bility of dectric currents passing from the air into the Earth, and 
vice versa. The external field, in its general characteristics, is similar 
to the Earth's internal magnetic system as far as its effects on a 
compass needle placed on the surface are concerned, though the 
effect on a dip needle is opposite. The North Magnetic Pole of the 
External Field being in the regions above, pulls the north end of a 
dip needle upwards, hence, diminishes the dip and the vertical in- 
tensity. For both systems — Internal as well as External — the posi- 
tive electric currents, having equivalent effects to those of the actual 
magnetic systems, circulate around the Earth, if we are looking up 
towards the magnetic pole, in a counter clock-wise direction, or, 
roughly from East to West, hence opposite to that of the Earth's 
rotation. But the External Field like the Internal one can be but 
partially represented by a simple, uniform magnetic or electric sys- 
tem, and hence again, like it, there is a portion consisting of various 
complex systems, each of which has its own set of subordinate mag- 
netic poles or foci. 

Let us create some wave disturbance in an irregular, island- 
dotted lake by injecting at any point some foreign substance. Every 
island and projecting point of the shore, as the initially generated 
wave reaches it, becomes itself the center of a new disturbance. We 
can readily see how, in consequence of these subsequently produced 
waves, it may easily happen that the effect of the initial disturbance, 
at any given point, may either be entirely obliterated or greatly 
strengthened, as the case may be. The mathematical expression of 
all the disturbance waves will be of a most complex character and 
will contain terms similar to those in a formula representing, as well 
as possible, the law of distribution of land and water in the lake. 

In a precisely analogous manner magnetic changes appear to 
be modified in their propagation over the Earth. In magnetism the 
disturbances, because of repeated induction between the solid Earth 
and the regions above and of self-induction in the same medium, are 
still further greatly complicated. Comparing the actual effects of a 
given disturbance from station to station, one can not fail but be 
impressed with the fact that while there are great similarities, there 
may also be pronounced dissimiliarities of the class which can not be 
referred to differences in the instruments employed at the various 
stations. 

An analogy, which would still closer approach the conditions 
prevailing while the Earth is undergoing some change in its mag- 
netic or electric state, is to suppose that before the waves in the as- 
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sumed irregularly formed lake have died out, another set is created 
by the injection of a particle or particles in a direction opposite to 
the first. And should we introduce besides, as another disturbing 
factor, a wind blowing over the lake, it is even then questionable 
whether the combined water disturbances would be as complicated 
as magnetic ones may be. 

With the aid of the vertical components of the magnetic dis- 
turbance, it can be ascertained whether the initial magnetic impulse 
was of terrestrial or extra-terrestrial origin. Probably the analysis 
of a magnetic change into its component parts will invariably reveal 
portions due to both regions, the preponderance of one over the other 
being dependent upon the source and character of the initial or ex- 
citing impulse. 

It is a very fascinating pursuit to follow out the consequences 
of the general law enunciated above, and I believe my papers were 
the first to point out some of the interrelations. Thus I have shown, 
for example, the similarities in the laws governing the distribution 
of the Earth's magnetic forces and of the secular variation. In the 
latter we have reproduced the same harmonic terms which define the 
initial field. 

Were we to cut out all that portion of the Earth's magnetism 
referable to a uniform magnetization around a diameter inclined 
about eleven degrees to the axis of rotation, there would remain 
what I have provisionally termed the "Earth's Residual Magnetic 
Field." This field and that which may be taken as causing the di- 
urnal variation of the Earth's magnetism, as first determined and 
mapped out by Schuster, are very close counterparts, the only differ- 
ence between the two being due to their origin : the first originates 
from a system of forces below the surface, and the other from one 
above.* 

These two typical cases of interrelations between the Earth's 
initial magnetic state and some of its variations must suffice here. 
I shall return to a further elucidation of the law at some future time. 
There are many evidences showing that similar interrelations apply 
to magnetic storm effects. Thus Birkeland's "equatorial perturba- 
tions" correspond, as we shall see, largely to a simple or uniform 
magnetization superposed upon the Earth's primary, uniform field. 

I believe, furthermore, when data are at hand to enable Birke- 
land to draw his current arrows for a sufficient number of stations 
in both hemispheres, he will find that his "polar" and other complex 

Cf. Terr. Mag. IV, p. 46. 
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disturbance fields will show similar characteristics to the "residual" 
and "diurnal variation" fields referred to above. 

In fact, I confidently expect, as soon as a complete analysis has 
been made of magnetic disturbances covering the greater portion of 
the Earth, it will be found, that the disturbance field, in general, 
presents all the same characteristics of the terrestrial, primary one — 
the disturbances will themselves reveal eflFects from terrestrial, con- 
tinental, regional and even local causes (earth currents, for ex- 
ample, whose path and intensity depend upon local character of soil, 
etc.). Various investigations, especially those of van Bemmelen, 
have also shown that a cause for magnetic disturbance is always 
present. An entirely undisturbed day is abnormal I 




Fig. I, Current Arrows of the Magnetic Disturbance, Jan. 26, 1903, 
at p o'clock A, M. Greenwich mean time, according to Birkeland. 

Analysis of the Disturbance of January 26, 1903. 

If we examine Birkeland's diagram (see Fig. i) and current 
arrows of this particular disturbance, the impression is at once 
created that we ought to be able to reproduce its general character- 
istics by a simple, harmonic expression. 

Let AA', AK, AZ, represent, respectively, the disturbance rec- 
tangular components, positive towards the geographic North and 
East and down towards the nadir; let furthermore 4> be the geo- 
graphic latitude or u the co-latitude counted from the true North 
4 
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pole, and let X be the longitude reckoned positively East from Green- 
wich, then the following equations apply to a simple potential system 
of forces : 

For an Internal Magnetic Disturbance System (I) — 

^X = X. sin u — y. sin X cos u — 2, cos X cos « , (i) 

A y = + .)'. cos X — ^. sin X , (2) 

AZ = 2x, cos u + 2y. sin X sin u -|- 22. cos X sin » ; (3) 

For an External Magnetic Disturbance System (E) — 

^X = x! , sin u — y. sin X cos u — /. cos X cos «, (4) 

Ar= 4-y'. cosX — y. sinX , (5) 

AZ = — x!. cos u — y. sin X sin » — /. cos X sin ». (6) 

The two sets of equations differ only in the form for the ver- 
tical component AZ. The co-ordinates t^ , X« of the north end 
of the disturbance magnetic axis, or say, of the Disturbance North 
Magnetic Pole, for the internal system, would be given by the equa- 
tions: 

tan Xn = y/z , (7) 



X 

cot Un = 



^ 



P • (8) 



and the magnetic moment of the system would be found from : 

^=.ypTy+~^^. (9) 

in which R is the Earth's mean radius. Precisely similar equations 
hold for the external system, x, y, and s are, respectively, pro- 
portional to the rectangular components of the superposed mag- 
netic moment M resolved along the axis of rotation (positive to- 
wards the North Pole) and along the equatorial axes longitude 90** 
East and o*" (meridian of Greenwich). 

A brief consideration of these simple equations will be instruct- 
ive. As they stand they admit of a definite, physical interpretation : 
a uniform magnetization of the Earth about a diameter making the 
angle w«with the axis of rotation. Equations i, 2, 3 represent a 
simple magnetization resulting, for example, from electric currents 
below the Earth's surface and for the other set of equations the 
currents would be above the surface. 
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As already stated, we may feel quite confident that probably 
every observed magnetic disturbance is the resultant of an outside 
and of an inside system of forces, B and /. That being so, it fol- 
lows at once, even for the simple case of magnetization supposed, 
there is no one combined system from which all the magnetic ele- 
ments can be derived, but instead there is one for the horizontal 
components (AX, AF) and another for the vertical components 
(AZ). In other words, if the solid part of the Earth were uni- 
formly magnetized throughout about a certain diameter and the 
atmosphere be uniformly magnetized about another diameter, then 
even for this simple case the foci or centers of numerically greatest 
vertical force on the surface would not coincide with the Magnetic 
Poles defined as the points to which the compass is directed and 
where the horizontal force vanishes. 

The existence of two such non-combinable magnetic systems is 
sufficient to account for the diflFerence in time of beginning of a 
disturbance at the same station for the various magnetic elements. 
In general, we may expect the time for the vertical intensity to 
depart most from the mean time of the three elements registered. 
Adolf Schmidt in his suggestive paper, "Ueber die Ursache der 
magnetischen Sturme," Meter eologische Zeitschrift, Sept. 1899, p. 
385, also shows how it may transpire that the time of beginning 
of a disturbance will be different for the vertical from that for the 
horizontal component. Hence, in recording times of beginning of a 
disturbance, the general mean of all the elements should not be taken, 
but each should be given separately. 

In general, magnetic storms are not of such a simple nature 
as to admit of representation by the equations above, and so most 
often there would be additional harmonics. However, with a fairly 
good distribution of data, it is possible to make combinations of sta- 
tions in such a manner that the values of the coefficients of the first 
harmonic would be but slightly affected by the neglect of any higher 
harmonics. 

On pp. 65-67 of Volume I of Birkeland's researches, there are 
given the disturbance effects for January 26, 1903, at various ob- 
servatories and for every hour and occasionally half hour from 
9 A. M. to 2 P. M., Greenwich mean civil time. From these quan- 
tities I have computed the A AT and A Y for the hours 9, 11 and 13 
(i P. M.). In order not to overweight any particular region, e, g., 
Europe, I have grouped stations together and have, furthermore, 
only taken observatories in middle latitudes. 
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Tablb L Disturbance Components^ January 26^ '1903. 
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III 


41.6 
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+5.0 —1.3 


-I-17.1 —5.5 


IV 


59.5 


79.2 


1 +10.5 -ho. I 


-f74 —0.3 


+23.3 --0.5 


V 


1 14.8 


139.7 


1 +- 9.9 +1.5 


+7.8 +1.2 


+22.6 4-3.0 



The disturbance in the vertical intensity, AZ, was, in general, 
too small to be scaled ; the indications were that for middle-latitude 
stations this component was decreased in the Northern Hemisphere 
and increased in the Southern. The latter fact is sufficient to show 
that, in the main, we are dealing here chiefly with external currents. 

Had we AZ's, we should obtain by least squares the values of 
the vmknowns in our equations above, once from the AX, AF 
components, and secondly from the AZ's alone. From a compari- 
son of the unknowns, as derived from the two solutions, it would 
be possible to separate the external from the internal system. This 
I have done in other cases but, in the present instance, we are re- 
stricted to but one set of the unknowns. The resulting values are 
given in Table H not only for the three hours above tabulated but 
for all the times recorded by Birkeland. 



Tabids II. 


Magnetic Disturbance System, January 


26, 1903. 
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105.6 W 


7 
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+20.57 
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7 
+ 19.57 

— 2.74 
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This table shows that the Magnetic North Pole of the System 
of Magnetic Forces, which could produce the observed disturbances, 
was at 9 A. M. (about 7 minutes after the average time of begin- 
ning of the disturbance), in latitude 75° North and longitude 96° 
West or 264° East. At 10 A. M. it had shifted somewhat to the 
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north and to the west. At 11 A. M. the Disturbance Pole had 
moved to 81** North and 106** West; at 12:30 it was 79** North, 
163'' West ; and at 14 or 2 P. M. it was situated in latitude 82** North 
and in longitude 98** West — hence in the vicinity of the position in 
the early part of the disturbance. The computed values of AX and 
A Y agree, in general, very satisfactorily with the observed quan- 
tities. 

It may be well to record here the following interesting fact: 
Making the best possible combination of the results to date of the 
mathematical analyses of the Earth's total magnetic field by various 
investigators, then apparently the Magnetic North Pole of the Earth's 
atmospheric electric field is somewhere above the extreme western 
part of Alaska or Behring Sea. For its precise location it will be 
necessary to await the completion of the general magnetic survey 
of the Earth now in progress. Since the approximate position of 
the Earth's Magnetic North Pole is in latitude 70° North and in 
longitude 97** West, it follows that the Disturbance Magnetic North 
Pole, throughout the period of disturbance, was in the general region 
of the atmospheric and the terrestrial Magnetic North Poles. 
Similar results with regard to other disturbances have been found 
by van Bemmelen and by Briickmann. 

Looking at the values of ;r, it will be seen that they are invari- 
ably positive and greatly exceed those of y and of z. This means that 
the Disturbance System is a system precisely similar to that of the 
Earth's, the only difference being that its North Magnetic Pole is 
up in the air. Hence the disturbance system is one such as will 
increase the horizontal intensity; the vertical intensity will be di- 
minished in the Northern Magnetic Hemisphere and increased in 
the opposite hemisphere — thus corresponding with the actually ob- 
served facts. The disturbance system of January 26, ipoj, pro- 
duced chiefly a momentary increase in the Earth's magnetisation by 
about 1/4500 to i/iS50th part. 

If we work out the direction of the positive electric currents 
circulating around the Earth in the upper regions which could pro- 
duce the magnetic disturbance system, it is found that, if we are 
above them and are looking down on the North Magnetic Pole, they 
must proceed clockwise around the latter, hence from east to west. 
[According to our point of view, Birkeland's current arrows should 
be reversed. They are either drawn looking at the currents from 
below, although the map is a projection from above, or he attrib- 
utes the effect merely to the local current immediately above the 
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Station. As his diagram stands, the positive currents are circulating 
anti-clockwise around a pole which attracts the north-seeking end 
of a magnet. I would consider the direction of the current arrows 
as correctly given for negative currents.] 

Were we to take instead of positive currents, rapidly moving 
electrons or negative currents, then these would have to go around 
the Magnetic North Pole (looking down from above) in an anti- 
clockwise direction, hence, from west to east — but that is the way 
the disturbance actually progressed in time, as I have shown in my 
previous paper. Thus the facts from two independent investigations 
are fitting together very well. 

It would be premature to offer a physical explanation of the 
most interesting result reached here. I may anticipate by saying 
that this disturbance is not the only one I have found in which a 
similar state of affairs obtains, though the initial meridian from 
which the disturbance proceeds may be different. 

Analyzing the disturbance of May 8, 1902, for which vertical 
components are available, it was found that, at the time of the sudden 
commencement, the external electric field exceeded in strength about 
three times that of the internal currents; for both systems the 
negative currents progressed around the Earth in the same direc- 
tion — to the eastward as was found above for the disturbance of 
Jan. 26, 1903. 

Turning to Fig. i, we find that the Sun at 9 A. M., Greenwich 
mean time, January 26, 1903, was in the zenith over some point in 
the island of Madagascar. About two hours before midnight local 
mean time, i6oth meridian west, the disturbance began, and then, 
as already stated, traveled eastward. Was this latter movement a 
flow of negative electricity and, if so, how account for the velocity 
of about 6400 miles a minute? Birkeland's terrella experiments 
(see p. 82 of Vol. I of his work) apparently make possible such a 
complex path of cathode rays as we must suppose to account for 
the disturbance under consideration. 

In view of the complexities of magnetic storm investigations, 
it would seem highly desirable to first confine attention to the 
simpler disturbances such as this one of January 26, 1903, and see 
how the analytical deductions may be harmonized with the physical 
facts of Birkeland's cathode theory of magnetic storms. No doubt 
Birkeland, as is very much to be hoped, will himself do this in a 
subsequent volume. . 
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THE MAGNETIC STORM OF SEPTEMBER 25, 1909, AT DE 
BILT, NEAR UTRECHT, HOLLAND. 

By G. van Dyk. 

At De Bilt the magnetic variations are at present recorded in two 
auxiliary buildings, since the observatory for variation observations, 
burnt down in 1902, has not yet been built up again. In one of them, 
the variometers of D, H, and V are placed behind each other, the regis- 
tration occurs by means of a Toepfer registering apparatus and lamp, 
the paper is 20 cms. broad, and an hour corresponds to 20 mms. on the 
base line. In the other building the three elements are recorded apart 
on three cylinders of an Adie magnetograph, the paper is 12 cms. broad, 
an hour corresponding to 15 mms. of base line. Here the manner of 
Hlumination is different from the usual one. By means of a contact 
clock the circuit of a battery is closed for two seconds every minute; 
the current lights a little glowlamp, the filament of which is right and 
placed vertically. This filament takes the place of the lighted slit in the 
usual arrangement ; its image, about yi mm. broad, would be formed on 
the paper. Just in front of the paper, however, a plate, with narrow, hori- 
zontal slit, is mounted; accordingly there falls on the paper but the 
light, passed through the slit, and we get a little line or point, about 
J4 mm. long and }i mm. broad. Every minute such a point is formed ; 
the recorded curve consists of a series of points with a distance of J4 ^^' 
This method enables us to follow exactly the variations from minute to 
minute. Another contact lights the glowlamp every 20 minutes for 4 
seconds ; this contact falls between 2-minute contacts, and furnishes the 
opportunity to determine the time easily. The moments of the 20-minute 
contacts are o™, 20™, and 40™ Greenwich mean time. 

During the magnetic storm of September 25, 1909, a part of the 
record of D and H was lost ; as soon as we knew that a great disturbance 
was occurring, eye-readings were made, which served partly to complete 
the photographic registration. The vertical intensity, F, was completely 
recorded. The range oi D exceeded 3° 30' more than 2^ 35' above, and 
more than 55' below the normal; of H, the range was greater than 1000 y, 
more than 6ooy above, more than 400 y below the normal. V was almost 
continually above the normal, range about 50Cy. 

For the beginning of the disturbance we may take 11^ 4i."5 Green- 
wich mean civil time, September 25, 1909; at this moment the diagrams 
show a sudden, great deflection of the needles ; the point of D is length- 
ened to a line of 8 mm, the value of i mm being i.'io, the direction of 
the needle being accordingly changed by nearly 9'. 

In the following table will be found the values of the declination 
from 11^ 30.°»5 until 2i*> 30."5. Some of the entries are taken from the 
eye-readings and from the Toepfer magnetog^am; for these values the 
decimal has been dropped. At De Bilt the mean declination is about 
13** 6' West. As may be seen in the table, D is below the normal until 
I3»»8."5; at i3**7."5 the lightpoint is well beyond the paper; at 8.™5 and 
9».5 it is on the paper ; at io*".5 it has disappeared at the opposite side ; 
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within three minutes the direction of the needle was changed by more 
than 2° 12'. Till 16** I7".5 D is almost continually greater than the nor- 
mal, afterwards alternately below and above the normal. At about 21]/^ 
the greatest fluctuations are over. 
De Bilt. 

Declination: 12'' West + 
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I2h 



131. 



14b 



I5»> 



l6h 



lyh 



l8h 



19" 



2oh 



2ih 



Min 



0.5 
1.5 
2.5 
3-5 
4-5 

n 
u 

9-5 
10.5 

"^ 
"•5 
13.5 
14.5 
15-5 
16.5 

18.5 

195 

ao 

ao.5 

21.5 

22.5 

23.5 

24.5 

255 

265 

^•5 
28.5 

29.5 

30-5 

31-5 

325 

33.5 

34.5 

35-5 

36.5 

37.5 

385 

39.5 

40 

40.5 

415 

425 

43.5 

445 

455 

46.5 

47.5 

48.5 

495 

50.5 

51.5 

525 

53-5 

54-5 

m 

59.5 
60 



62.1 
63.0 

63.7 
64.2 
62.5 
60.V 
60.4 
614 
62.8 
62.8 
62.0 
56.3 
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DISCONTINUANCE OF THE BALDWIN MAGNETIC OBSERV- 
ATORY AND ESTABLISHMENT OF THE TUCSON 
MAGNETIC OBSERVATORY.! 

By R. L. Faris, Inspector of Magnetic Work, U. S. Coast and 
Geodetic Survey. 

In the September (1907) number of this journal (Vol. XII, No. 4, 
page 184) it was stated that the Baldwin magnetic observatory of the 
United States Coast and Geodetic Survey would be kept in operation 
until another magnetic observatory could be established somewhere west 
of the Mississippi River to replace it. 

During the early part of 1909 a site for a magnetic observatory was 
selected in the vicinity of Tucson, in the Territory of Arizona, after a 
careful inspection had been made of a number of possible locations, and 
after a magnetic survey was made of the finally adopted location. Con- 
struction work on the observatory buildings began in the latter part of 
June, 1909, and the buildings were ready for the installation of the mag- 
netic instruments by the first of November, 1909. 

As the instrumental equipment of the Baldwin magnetic observatory 
was to be used at the new observatory at Tucson, the operation of the 
Baldwin observatory was discontinued on the 22d of October, 1909, and 
the instruments dismounted and forwarded to the new observatory, 
where they were installed and put in operation on the i6th of November, 
1909. Permanent reference marks were established at the Baldwin 
observatory site so that its occupation with portable field instruments 
may be made at any future time as may be desired. 

The new observatory is located eight miles (12.9 kilometers) east- 
erly of the city of Tucson, Arizona, in a comparatively level and open 
country, and at an elevation of approximately 770 meters above sea-level, 
and about 45 meters above the city of Tucson. This region possesses 
a very dry climate, the average annual relative humidity being probably 
less than 45 per cent. The approximate latitude of the observatory is 
32® I4.'8 North and longitude no** 50.'3 West of Greenwich. This 
observatory, accordingly, occupies about the mean geographic position 
of all of the magnetic observatories operated by the United States Coast 
and Geodetic Survey, these observatories covering a range in latitude 
of 39° and in longitude of more than 92°. 

The variation observatory, like all the other Coast and Geodetic 
Survey magnetic observatories, is built entirely above ground, and is 
constructed of wood, no other materials being used, except for the 
foundation walls, which are eighteen inches (46 cm), where concrete 

1 Published by permission of the Superintendent, United States Coast and 
Geodetic Survey. 
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The Tucson Magnetic Observatory op the United States Coast 
AND Geodetic Survey. 



Fig. I. Oihce and Dwelling. 



Fig. 2. Variation and Absolute Buildings. 
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TUCSON MAGNETIC OBSERVATORY 35 

was used. Specimens of the materials used in the concrete were tested 
for magnetic properties before being employed in the building of the 
foundation walls. 

The design of the variation observatory building is essentially like 
that of the Cheltenham (Maryland) magnetic observatory, which is 
described in Volume VIII, No. i, pages 10 to 28, of this Journal, except 
that it will accommodate only one set of variation instruments. The 
outside dimensions of the building are 9.7 meters by 8.5 meters; the 
inside of the instrument room is 4.9 meters by 3.7 meters, the total thick- 
ness of insulating walls, air spaces, and corridor thus being 2.4 meters 
in thickness. 

The building for absolute observations, located about 25 meters to 
the northward of the magnetic variation observatory, is a wooden struc- 
ture having double walls. The dimensions of the outside building, which 
is covered by a gable roof, are 3.7 meters by 4.9 meters by 3.0 meters 
high. The inside dimensions of the observing room are 2.4 meters by 
3.7 meters by 2.4 meters high, thus making an air space of 0.6 meter 
between the walls of the inner and outer buildings of the structure. This 
partial temperature insulation is a good feature in this region, where the 
mid-day temperatures are quite high. 

In this dry region of the United States the question of the necessary 
water supply is an important feature in the observatory equipment. 
There is no surface water or running streams in the region where the 
observatory is located, but there is an underground flow of good water, 
which is secured by means of dug wells. Water was obtained at the 
Tucson observatory at a depth of 33 meters. The water from this well 
is supplied to the office building and dark room by means of a 2j^-H. P.. 
gasoline engine and a 2,000-gallon storage tank. The capacity of the 
engine is about 900 gallons per hour. The engine and tank, which con- 
tains about 600 pounds of iron, are located at a distance of 215 meters 
from the variation observatory, thus being at such a distance that they 
can not exert any influence upon the magnetic instruments. 

The magnetograph at this observatory is of the Eschenhagen type, 
recording photographically the variations of declination, horizontal 
intensity, and vertical intensity. The absolute instruments are a Cooke 
magnetometer and Dover dip circle. The Dover dip circle will be 
replaced by an earth inductor within the next year. It is also expected 
to install a seismograph at this station during the coming year. 

It is furthermore proposed to make certain daily meteorological 
observations and daily reports to the local office of the United States 
Weather Bureau at Phoenix, Arizona, as soon as the necessary instru- 
ments and equipment can be installed. 

Mr. W. F. Wallis, formerly in charge of the Honolulu magnetic 
observatory, installed the instruments and put the Tucson observatory in 
operation; he is the present observer-in-charge. 

Coast and Geodetic Survey , Washington, D. C, December 2p\ ipop. 
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LETTERS TO EDITOR 



PRINCIPAL MAGNETIC STORMS RECORDED AT THE 
CHELTENHAM MAGNETIC OBSERVATORY. 

October i to December 31, 1909. 
h m 
Latitude, 38** 44.^0 N. ; Longitude, 76** sa^'s or 5 074 west of Greenwich, 



GREENWICH MSAH TIME 


RANGE 


Beginning 


Ending 


D 
(Dcdinntion) 


H 
(Hot*! Int; 


Z 

(Ver'l Int) 


Day h m 
Oct 18. 4 44 

Oct 22, 23 20 

Nov. 29. 14 25 
Dec 13. 8 10 


D«y h 
Oct 20, II 
Oct 23, 20 
Dec. 2, 13 
Dec 15, II 


23.0 


2^ 
182 
172 
112 





O. H. TiTTMANN, Superiniendent, 
Coast and Geodetic Survey, 



J. E. BURBANK, 

Odserver-in-Charge, 



AURORA BOREALIS OBSERVED AT BEINN BHREAGH, NEAR 

BADDECK, NOVA SCOTIA, SEPTEMBER 21 AND 

OCTOBER 18, 1909. 

September 21, ipop. Fine display of Aurora Borealis visible here 
this evening at 7 minutes past 8, covering the northern half of the sky 
and extending up to the zenith. Whole northern sky covered from East 
to West; southern half clear. The western edge of the luminous curtain 
passes through the bright star Alpha Lyrae, Gentle streamers go up 
from all points of the northern half of the horizon to a pwnt in the 
northern cross, which seems to be overhead. 

October 18, ipop. I was told this evening that a brilliant aurora 
appeared about 7:30 P. M. I went out at about 9:45 P. M. and found 
an unusual appearance. 

The northern sky was clear, but there was a broad band of diffused 
light spanning the sky from East to West, passing over the zenith. This 
band was striated, with substantially parallel striations running East 
and West. Southern sky practically clear — no auroral effects there. 

About 9:50 P. M. the appearance had changed. Streamers were 
running up from the greater part of the horizon to a center about the 
zenith. Clouds that looked auroral, although they hid the stars, appeared 
to be forming. 

About 9:52 P. M. went out again and appearance had changed again. 
There was no East and West arch. There was no convergent point; 
and there was quite a vivid display of the folded-curtain variety in the 
western sky (NW.). Similar effects (small, detached, bright) overhead 
and to the East. I went indoors and called out some of our visitors. By 
the time they came the effects had changed somewhat. They were of the 
same folded-curtain order, but not so vivid. 
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^^ 9*55 P- M. the display was so interesting that I determined to get 
a chair and sit out to watch the changes continuously. 

At 9:57 P. M. I. went out and there was nothing visible. The sky 
was lightly overcast, concealing the stars, and a few drops of rain were 
falling. 

I am informed by Miss McLean that a Sun-dog was seen from 
Baddeck to-day. 

The last display of aurora noticed here occurred September 21, 1909 
(see above). This was 27 days ago — about the period of one rotation 
of the Sun. 

Went out at 10 132 P. M. Sky clear, and the hurricane-smoke effect 
was manifest, streaming up to the zenith from great part of horizon. 
Evidences of great intensity of action. 

A minute or two afterwards sky again slightly overcast, stars 
invisible, and drops of rain were falling — just a few drops. 

I listened at the telephone for electrical disturbances on the line to 
Baddeck, but could hear nothing. Halifax time is used in above observa- 
tions. Alexander Graham Bell. 

Beinn Bhreagh, Near Baddeck, Nova Scotia, 



NOTES 



I. Magnetic and allied observations in connection with H alley's 
Comet, According to information received from Messrs. Nippoldt (Pots- 
dam) and Paris (Washington), the following work is to be undertaken: 

"Arrangements have been agreed upon whereby similar special regis- 
trations of the magnetic elements will be made at the Potsdam magnetic 
observatory and at the Coast and Geodetic Survey magnetic observatory 
at Cheltenham, Maryland, about May i8th next, when Halley's Comet 
crosses the plane of the Earth's orbit. As now agreed upon these special 
registrations will beg^n on May i6th and continue to May 20th. The 
Eschenhagen system of variometers will be used, and the time scale 
will be inceased from the usual rate of three minutes per millimeter to 
one minute per millimeter, or in other words, the time scale will be 
increased to three times the usual rate. In considering the rate of 
registration to be employed it was thought that a more rapid rate than 
that above mentioned might obscure the perturbations, which, if any, 
are expected to be quite small." 

Professor Kr, Birkeland (Christiania) and the Gottingen Academy 
of Sciences are also planning observations, the character of which will 
be shown by the following extracts from the former's letter to the 
Editor of March 8th: 

"I shall be going up to Kaafjord in Finmarken, accompanied by 
my principal assistant, Mr. Krogness, in order to make magnetic and 
atmospheric observations from 7th May to ist June next, in connection 
with the transit of Halley's comet on 18th- 19th May. It is possible 
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that the tail of the comet mainly consists of electrical corpuscular rays, 
which would be absorbed (drawn in) by the Earth's magnetism in the 
Polar regions, if the tail were sufl&ciently long. The tail of the comet 
would, in such case, alter its shape at a great distance from the Earth, 
but this would probably be scarcely visible owing to the proximity of the 
sunlight; on the other hand, it may be that it will be possible from many 
observatories to observe the . transit of the comet before Venus about 
May 1st with sufficient distinctness to be able to note any absorption of 
the tail towards the polar regions of Venus. I am issuing in a few 
days a circular to astronomical observatories on this subject, although 
the central line of the comet's tail will, about the first of May, be so far 
from Venus that the probability of a visible absorption of the tail must 
in any case be deemed to be small. 

"According to letters from Professor Wiechert, it is highly probable 
that, with the assistance of the Konigliche Gesellschaft der Wissen- 
schaften zu Gottingen pecuniary means will be forthcoming, so that 
Dr. G. Angenheister of the Geophysical Institute will be able to pro- 
ceed to Dyrafjord in Iceland, or possibly to Godthaab in Greenland to 
take observations simultaneously with ours at Kaafjord. 

"We shall leave here May ist, so that our magnetic registering in- 
struments will be at work on and after the 7th May, and will observe 
the magnetic elements till the beginning of June, with the ordinary regis- 
tration each 24 hours. We will further with another set of apparatus 
take continuous rapid registrations from midnight 17th May central 
European time (= 11 P. M. Greenwich mean time) to midnight 
(= II P. M. Greenwich) on the 19th. For the slow observations we 
shall employ a slightly less, and with rapid registrations a slightly 
greater degree of sensitiveness. Besides this, we shall also make abso- 
lute magnetic determinations and register the Earth currents. 

"In Hammer f est I will likewise from 17th to 20th May make some 
atmospheric researches; ordinary measurements of atmospheric elec- 
tricity and further a special examination of the polarization of atmos- 
pheric light. It is very possible that deviations from the normal will 
be discoverable in this if the tail of the comet should meet the Earth's 
atmosphere. This might possibly be best noted by determining the 
position of the neutral points. A special instrument for such observa- 
tions has just been constructed in Germany, it is a particularly light and 
handy instrument and is to be had for a very reasonable price — ^75 marks. 
Dr. Chr. Jensen at the Physikalisches Staatslaboratorium in Hamburg 
is the one who has called our attention to this idea. I can mention in 
connection with this a couple of treatises by Dr. Jensen on this subject: 
*Die Gegenwardige Probleme und Aufgaben welche mit dem Studium 
der Atmospharischen Polarisation verknuft sind' in the *Astronomische 
Nachrichten No. 4283, Vol. 179, November 1908' and *Beitrage zur 
Photometric des Himmels' in *Schriften des Naturwissenschaftlichen 
Vereins fiir Schleswig-Holstein, Vol. XI, part 2.* " 

It is very much to be hoped that all those who can participate in this 
extremely important and interesting investigation will do so. 
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ABSTRACTS AND REVIEWS 



HELLMANN'S BIBLIOGRAPHY OF MAGNETIC CHARTS.* 

Magnetic! ans must count themselves fortunate that one so thor- 
oughly familiar with the literature of terrestrial magnetism as is Pro- 
fessor Hellmann should have undertaken the task of preparing and 
publishing a bibliography of magnetic charts. There are but few who 
can fully appreciate the vast amount of research compressed in this 
pamphlet of 6i large quarto pages. 

The first part, on "Magnetic Cartography," deals with the develop- 
ment and present status of the science and art of constructing magnetic 
charts of all kinds; whereas, the second part contains a bibliography 
of the published charts for the period 1700 to 1910. 

On page 28 the author makes some special recommendations as to 
the execution of magnetic surveys and the construction of isomagnetic 
lines, to all of which hearty support must be given. He expresses the 
hope that magnetic surveys be undertaken energetically in sufficient 
detail by civilized nations in all countries and colonies under their 
respective jurisdiction. 

Naturally, in such a difficult work as this, it is impossible to secure 
absolute freedom from errors and omissions in a first edition ; the author 
requests, therefore, to be informed of any corrections. The reviewer 
has but a few to make : 

P. j^. Bottom entry, first column, referring to Hansteen^s charts, 
date 1736 should be 1756, and mention of the isogonic chart for 1770 is 
omitted. Date of isoclinic chart should be 1700 instead of 1720. (These 
are evidently typographical errors.) 

Under America, p, §6, the following entry appears to have been 
overlooked: New Jersey: 1888.0; D. (>4°) ; (1,000,000). Report of 
the Geological Survey of New Jersey, v. IV, Rep. 1895, PP- 160-189. 
[Declinations were observed in New Jersey at 158 stations by the topog- 
raphers of the State Geological Survey between i887-'90, and supple- 
mented by a few from neighboring States by other observers. An 
earlier edition of the chart (scale 1,500,000) with accompanying text 
was published under the direction of the State Geologist, at that time, 
George H. Cook, under whom the work was done.] 

Reference might also be made on p. 54 to Schott's isogonic charts 
for the Eastern coast of the United States, epochs lyoo and 1750, and 
positions of agonic line for various epochs. (See Coast and Geodetic 
Survey Report for 1888, appendices 6 and 7.) 

> Hellmann, G. Magnetische Kartographie in historisch-kritischer Darstel- 
lung. Berlin, Veroff. Met. Inst. No. 215, v. 3, No. 3, 1909 (62)33^ cm. 
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Under Bermudas, p. 57, entry should be made of the most com- 
plete isogenic chart thus far published, viz. : that of J. F. Cole's for 
April, 1905, in Terrestrial Magnetism and Atmospheric Electricity, 
Vol. XIII, No. 2, 1908. L. A. B. 



THE BEGINNING OF AN EARTHQUAKE DISTURBANCE. 
By Harry Fielding Reid. 

Some interesting work has recently been done bearing on the direc- 
tion of motion of the ground on the arrival of an earthquake disturbance 
at a distant station. Prince Galitzin^, assuming that the direction of this 
movement was away from the earthquake center, attempted to find, by 
determining the two components of the movement, the direction of 
propagation. By using heavily damped horizontal pendulums, register- 
ing electrically, and assuming that the movement is simple harmonic, 
he was able to work out the maximum amplitude of the earth movement 
for the first vibration on the two components, and by combining them, 
to obtain the actual direction of vibration. Assuming, then, that this 
was the direction of propagation, and determining the distance by the 
duration of the preliminary tremors, he was able to locate the origin of 
13 earthquakes with a rather remarkable degree of accuracy. In all, 
except one case, the error in the direction was not greater than 4 degrees, 
but in this one case (the earthquake occurred in Greece) the error in the 
direction was 24 degrees. In attempting to apply this method it must be 
remembered that we can not determine the direction of motion by com- 
bining the recorded deflections of the two components, but it is necessary 
to reduce them, first, to determine the actual earth movements. 

Herr Hugo Arnold has published, as his inaugural dissertation for 
the doctor's degree at Gottingen, the study of the actual movement of the 
ground at the beginning of an earth disturbance.^ The records studied 
were those made by a Wiechert inverted pendulum, weighing about 
1,200 kilograms. The expression connecting the movement of the earth 
with the movement of the pointer is complicated. It does not contain 
directly the displacement of the ground, but the acceleration, and this 
acceleration is expressed in terms of the displacement of the pointer, 
its velocity and acceleration, the two fundamental constants of the instru- 
ment — namely, its period and magnification — and the accessory constants, 

iZur Prage der Bestimmung des Azimuts des Bpicentrums eines Bebens. 
Bull. Acad. Imper. des Sciences de St. Petersburg^ 1909. Das Brdbeben vom 20-21 
Oktober 1909. Same. 

s Arnold, Hugo. Die Brdbewegung wahrend des ersten Vorlaufers eines 
Brdbebens. [Inaugural-Dissertation zur Brlangung der Doctorwurde der Hohen 
Philosophischen Palkultat der Georg-August-Universitat zu Gottingen.] Gottingen 
1909. Leipzig, W. Bngelmann 1909 (269-316 with 3 pi.) 22M cm. 
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the damping and the friction. It will be readily seen that this expression 
IS difficult to evaluate. It can be done in two ways. Knowing the con- 
stants and measuring the displacement, velocity, and acceleration of the 
pointer, we can work out the acceleration of the earth particle. Two 
integrations are then necessary in order to determine the actual displace- 
ment. The second method of working out the position of the earth 
particle consists in integrating the general equation twice. This g^ves us 
the actual position of the earth particle in terms of the various con- 
stants, the displacement of the pointer, and a single and a double integral 
of this displacement for the time; and Hugo points out that this is the 
more convenient form to use. He discusses the various means of making 
the integration — namely, the graphical method, the instrumental method 
with planimeter or integraph, and the direct method of calculation by a 
modification of Simpson's Rule, and then describes his actual work. 

The record of the instrument is first magnified 10 times, and then 
transferred to section paper, where it can readily be measured. A large 
number of measurements are made, the proper intervals calculated, and 
the corresponding displacement of the earth particle tabulated and shown 
graphically. This work was carried out for 4 different earthquakes for 
about I minute from the beginning of the disturbance. The results 
showed very distinctly that the first movement of the earth was directly 
away from the earthquake center. In the case of two earthquakes the 
disturbances began by the earth moving first away from the center, then 
towards it, and then slowly approaching its position of equilibrium, in 
accordance with the theory as deduced by Lamb. In another case the 
movement was much less simple, and was probably due to a superposition 
of several vibrations. Hugo shows that it is quite essential to take into 
consideration the solid friction. He also points out that the errors 
accumulate on account of the integration with the time, and a very small 
error in locating the position of equilibrium of the pointer will rapidly 
increase and cause a large error in the result; and it is frequently 
extremely difficult to locate this position accurately. General Pomerant- 
seff, in Russia, made similar calculations in 1904; he worked with a 
seismogram recorded in Strassburg neglecting damping and solid friction. 
Moreover, he attempted to get results from a large part of the disturb- 
ance. His results were unsatisfactory, and Hugo ascribes this especially 
to inaccuracy in the determination of the equilibrium position. 

The seismograms of the San Francisco earthquake, obtained at 
Berkeley and at Mt. Hamilton, indicate very clearly that the first move- 
ment was directed away from the centrum, whose position was deter- 
mined by time observations. 

It seems, therefore, that we are now in a position to say definitely 
that the first vibrations of an earthquake disturbance reaching a distant 
station is a wave of compression, with the first movement directed away 
from the origin of the shock. 

Johns Hopkins University, Baltimore, Maryland, 
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THE TENTH EDITION OF MULLER-POUILLETS PHYSICS. 
(Vol. IV, Part I.)* 

The volume under review differs more widely from the ninth edition 
than any of the other volumes that have yet appeared. This was to be 
expected, in view of the great advances made in electricity during the 
last twenty years. The consequences of the work of Maxwell and Hertz, 
and the birth of the electron theory, have necessarily led to a remodeling 
of many statements, and they have also doubtless caused some of the 
important changes in the method of treatment. To make room for the 
new material much comparatively obsolete matter has been withdrawn. 

As in the other volumes, the pedagogical method that underlies the 
order of topics impairs the usefulness of the book for purposes of refer- 
ence, especially as the cross-references between allied topics that are 
widely separated are so inadequate. Much will depend on the character 
of the index, which will doubtless appear at the end of the second part 
of this volume. A separate index for this part would have been a 
welcome addition. 

In most respects, the book is quite up to date. Frequent references 
to original papers are given, both for the early classical discoveries and 
for more recent work, the latter extending down to about 1907. Much 
praise should be accorded to the descriptions of demonstrations, which, 
together with the numerous practical hints, will be found very useful by 
teachers. An idea of the space devoted to the theoretical side may be 
gained from the fact that Gauss's theorem is given, with some of its 
applications; also the calculation of the pressures and tensions on Fara- 
day tubes. Much ingenuity is shown in avoiding the use of the calculus, 
and often only special cases are attempted where the general solution 
is deemed too difficult. 

The first two chapters are on the fundamental facts of magnetism 
and its theory. Coulomb's torsion balance is banished, and in its place 
we find Grimsehrs magnetic balance. The writer can vouch for the 
convenience and instructiveness of the latter, as he had been using the 
device for some time before Grimsehrs paper appeared. The paragraphs 
on the measurement of the magnetic elements seem hardly adequate, 
but here we must suspend judgment until the appearance of the chapter 
on terrestrial magnetism. We miss the name of Ewing in connection 
with the molecular theory of magnetism, and of Hele-Shaw in the two 
places where the analogy between magnetic lines and the lines of flow 
of liquids is mentioned. 

1 Muller-Pouillet's Lehrbuch der Physik und Meteorolosie, loth edition, re- 
vised and enlarged, in four volumes. Edited by Lbop. Pfaundler, Professor of 
Physics at the University of Graz. Fourth Volume, First Part, Magnetism and 
Electricity, pp. xii + 622, by Walter Kaufmann and Alfred Cobhn. Braun- 
schweig, Vieweg, 1909. Price, unb. 13 m. (For reviews of the earlier volumes see 
this Journal for December, 1907, p. 185, and March, 1908, p. 42.) 
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It is no disparagement to the rest of the book to say that the third 
and fourth chapters, on electrostatics and the theory of the electrostatic 
field, form the best written portion, as might indeed be inferred from the 
authorship. A good discussion is given of the capriciousness of charges 
obtained by friction. The sections on capacity, electrical images, and 
dielectric polarization, are especially good.' The frequent use of the 
electrometer for demonstrations, thus making most experiments quanti- 
tative in character, is one of the helpful features. 

Chapter V is on the electric current. Starting with the discharge 
of a Leyden jar (a new and excellent feature in this edition), many 
fundamental laws, including Ohm's law, are deduced before Volta's 
experiments and electric batteries are reached. The conductivity of 
dielectrics is well treated, though more might have been said about 
dielectric hysteresis and losses in cendensers. There is some ambiguity 
in the definition of the mercury standard of resistance. 

Chapter VI treats of electrical units, and of Ohm's, Joule's, and 
Kirchhoff's laws. It is largely devoted to the description of various 
measuring instruments, and is otherwise so complete that we are sur- 
prised at finding no mention of the Ayrton universal shunt for galvanom- 
eters, and so little on hot-wire instruments, and on the theory of the 
ballistic galvanometer. 

Chapter VII, electrochemistry, is written by Coehn. Its 145 pages 
correspond to a comparatively small number of paragraphs scattered 
throughout the chapter on the electric current in the old edition. So 
much has been done in recent years in this field that a complete rewriting 
was necessary, and the result is a most valuable chapter. One of the 
milestone marks in the book is the introduction of the electron in con- 
nection with Helmholtz's theory of the structure of electricity. Meager 
reference is made in this chapter to the work of English and American 
physicists. It is also to be regretted that some of the most important 
practical applications of electrochemistry are treated very briefly or not 
at all. 

The book is very free from errors, though the "British- Association- 
Unity," on page 408, can hardly pass unchallenged. Taken as a whole, 
it is a worthy companion to the volumes already reviewed. 

The remaining chapters on electricity, including terrestrial mag- 
netism, will be contained in the second part of this volume. In addition, 
one section of the volume on optics is still to appear. 

W. G. Cady. 

Wesley an University, Middletown, Connecticut. 
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THE COMPLETE MAGNETIC RESULTS OF THE FIRST 
CRUISE OF THE "CARNEGIE," 1909-10. 

By L. a. Bauer and W. J. Peters. 

Preliminary results of the magnetic observations made on the 
portion of the cruise from New York to Falmouth were published 
in the weekly periodical, Nature, for October 28, 1909. We can 
now give a summary of the chief results obtained for the entire 
cruise covering about 8,000 nautical miles and extending over the 
period from September i, 1909, to February 13, 1910. The ports 
visited were Gardiner's Bay, Long Island; St. John's, Newfound- 
land; Falmouth, England; Funchal, Madeira; and the Bermudas, 
whence the vessel returned to Brooklyn, New York. The cruise 
will be found charted in red on Plate II. 

The matter of first importance, of course, was to ascertain 
whether the conditions striven for in the building of this vessel had 
been attained, i. e., whether at the various mounts of the magnetic 
instruments there were deviation corrections of sufficient magnitude 
to require being taken into account. While the vessel was built 
almost wholly of non-magnetic materials, it was necessary to re- 
tain some iron (about 600 pounds in all) for certain parts of the 
auxiliary power plant. Knowing where this magnetic material 
would be, the places for the magnetic instruments had been chosen, 
as the result of calculations, so as to reduce the effect from the iron 
parts to a neglible quantity. Furthermore rigid tests had been made 
of even the supposedly non-magnetic materials before they were 
used in the construction of the ship ; however, though the effect of 
any one bronze piece, for example, might be neglible, this might not 
necessarily be true of the aggregate effect of all the metallic parts. 
In addition to these precautions against possible magnetic effects 
from the more or less fixed parts of the vessel, the observing houses 
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were so constructed that, when the instruments were mounted in- 
side, it was not possible for any of the movable parts or for any 
person having some magnetic material on his person to come close 
enough to produce an observable effect. In brief, the attempt was 
made to exclude all possible disturbing influences on the magnetic 
instruments, so that if any results obtained were not satisfactory, 
the possibility of an extraneous artificial cause need not have to be 
considered. Any one with extensive experience in magnetic work 
will readily appreciate the g^eat advantage of these precautions. 

It was, therefore, of no little interest to determine by actual ob- 
servation whether the non-magnetic conditions had really been se- 
cured. Accordingly elaborate tests were carried out in Gardiner's 
Bay, off the eastern end of Long Island, New York. These con- 
sisted in making magnetic observations on eight equidistant head- 
ings of the vessel with reference to the compass direction (N, NE, 
E, SE, S, SW, W, NW), the vessel being swung, once with star- 
board helm, next with port helm, or vice versa. 

Now, it is not such an easy matter, as is at times supposed, to 
determine the deviations or errors of a compass or of some other 
magnetrc instrument due to the ship itself. Our experience on the 
previous vessel, the Galilee, proved it to be quite possible to get 
appreciable apparent deviations, due to instrumental errors (for ex- 
ample, errors of graduation of a compass card), and even to purely 
dynamical conditions, produced by the pitching, rolling, or heeling 
of vessel. Hence the causes for these apparent deviations must be 
removed, as far as possible, ah initio, t. e., the instruments them- 
selves must have a certain degree of mechanical perfection, and the 
method of observation must be such that outstanding errors are 
eliminated, as far as possible, in order to make the results from 
heading to heading strictly comparable with one another. The im- 
portance of these details, judging from existing publications, has 
not been sufficiently appreciated. The condition of the swings must 
also be varied, for each magnetic element considered, so as to ren- 
der otherwise constant errors accidental ones. 

Hence, if the claim is made that never before have such ocean 
magnetic results been obtained as are exhibited in Table I, it is be- 
cause of the unsparing pains taken by every one concerned with 
even the minutest detail. Since many of the instrumental parts 
were constructed in the workshop of the Department, considerable 
credit for the success achieved must be given Mr. J. A. Fleming, 
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magnetician-in-charge, and Mr. Adolf Widmer, chief mechanician. 
To Mr. Fleming, furthermore, were assigned other important details, 
e. g., determination of instrumental constants at Washington and 
special examinations respecting instrumental errors; in this work 
he was ably assisted by Messrs. P. H. Dike and H. W. Fisk. Fur- 
ther careful tests were made and constants were determined By Mr. 
J. P. Ault, magnetic observer and navigating officer of the "Car- 
negie," at New York and at various places near the end of Long 
Island. 

The magnetic observations during the cruise were made in ac- 
cordance with the program and directions drawn up by the Director, 
L. A. Bauer, and were carried out by W. J. Peters, in command 
of the "Carnegie," who was assisted by the observers, J. P. Ault, 
C. C. Craft, and E. Kidson; R. R. Tafel served as recorder, and 
Captain C. E. Littlefield, the sailing master, had charge of the sail- 
ing of the vessel. The swings in Gardiner's Bay were made with 
the aid of the "Carnegie's" auxiliary power, August 31 to September 
2, 1909, in about six fathoms of water, the center of the circle being 
marked by a buoy, whose geographic position was found to be : lati- 
tude 41** 06' N., longitude 72** 13' W. Before passing to the results, 
it will be desirable to say something with regard to the instruments 
and their positions. Some recognition should be made first of the 
splendid services rendered by Messrs. C. D. Smith and D. F. Smith 
in connection with the successful operation of the "Carnegie's" 
producer gas engine. 

Instruments and Methods of Obserration. 

At A, the middle point of the bridge (see Plate III), is mounted 
the standard compass, one of a new type invented and constructed 
by the Department and called the "marine collimating compass;" 
it will be found described in the March ( 1909) issue of Terrestrial 
Magnetism. The basis of the instrument is a United States Navy 
standard 8-inch liquid compass, made by Ritchie, of Boston, with the 
card, however, removed, and an optical collimating system with 
scale introduced (see Fig. i), enabling the observer to note the arc 
of motion of the magnet system while sighting on the sun or star, 
hence knowing precisely to what part of the arc the stellar azimuth 
applies. In all forms of compass azimuth circles hitherto used, the 
magnetic azimuth of the celestial body must be taken from what- 
ever point the card in its oscillations to and fro has momentarily 
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reached. In brief, practically the same method of observations can 
now be used at sea as on land with a magnetometer. 

The effect of drag of magnet system moving in the liquid dur- 
ing changes of the ship's head is overcome in the present instru- 
ment, as well as in the one mounted at C, for the method of ob- 
servation involves turning the compass bowl opposite to the ship's 
motion. With this instrument the observer is almost entirely inde- 
pendent of the yawing of the ship, making it possible still to get 



H I 



Fig. I. A Vertical Section Through the ** Marine Collimating Compass " 

View showing the four magnets R, R, R, R ; two of the four collimating 
lenses N, N, attached to the buoyant ellipsoid A ; the scales S, S, each placed 
in the focus of the lens N, to which it belongs ; G, G, are two of the four win- 
dows through which Ihe scales are read. These windows are segments of a 
spherical shell whose center is at the point of support of the optical system, 
hence the rocking of the bowl or the rotation produced by yawing of the ves- 
sel does not alter the optical conditions. 

satisfactory results, when with all other azimuth circle devices 
hitherto used at sea observations would be wholly impossible, or 
at least very uncertain. In five to ten minutes a value of the mag- 
netic declination is now obtained, possessing an accuracy attainable 
with previous instruments only by most careful observation and by 
laborious repetitions extending over a half-hour or more to elimi- 
nate motion of the card. This improved compass is the chief in- 
strument on the "Carnegie'' for getting accurately and quickly the 
fnagnetic declination ("variation of the compass''). 

At B is the gimbal stand, similar to the one at E (the pedestal 
for the atmospheric electricity instruments), on which is mounted 
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an L. C. dip circle, as modified for the Galilee work. With this in- 
strument the dip is determined absolutely, %, e., in all positions of 
circle and needle, inclusive of reversal of polarity by an electric coil, 
with two regular dip needles and again by the method of deflec- 
tions, and total intensity is obtained using two deflecting distances. 
(See Terrestrial Magnetism, vol. ii, pp. 77-79, for a description, 
accompanied by an illustration, of the instrument.) 

At C is a Ritchie liquid compass provided with an improved 
azimuth circle and a deflecting attachment, both designed and made 
by the Department. (See Terrestrial Magnetism, vol. 14, pp. 167- 
169, and Fig. i, Plate X.) With this instrument declinations are 
obtained, as also the horizontal intensity of the Earth's magnetic 
force, by the method of deflections, independently with two deflect- 
ing magnets, the magnetic moments of which are controlled from 
time to time by shore observations whenever the vessel is in port; 
two deflection distances are used. In these deflection observations 
the changes in the lubber-line from which the angles are counted 
is controlled by the recorder stationed at D (inside the deck house 
vertically below A), who reads the ship's head by a spare Thom- 
son dry compass.^ The same kind of deflecting device by which 
the deflecting magnet is brought at right angles to the axis of the 
deflected card, thus admitting of the simple sine-computation form- 
ula, is likewise attached to the marine collimating compass at A. 
In the latter case the angle between deflected magnetic system and 
the sun (or true meridian) is read with a pocket sextant, thus mak- 
ing one entirely independent of the yawing of the ship. So many 
controls were, however, in general obtained on the intensity ob- 
servations obtained at B and C that there was but little need for 
further multiplying these observations at A ; hence the marine col- 
limating compass was almost exclusively used for getting magnetic 
declinations, for which, in fact, it was primarily intended. 

The declinations obtained at C are intended chiefly as some 
control against any gross blunders which may be made at A; for 
a fairly smooth sea they compared favorably with those at A, 
but in rough seas the great superiority of the A results was very 
evident. 

The general arrangement of the observing places and their rel- 
ative positions will be apparent from an inspection of the view of 

1 In the observations at Gardiner's Bay the Thomson compass had not yet been 
mounted, and so the steering compass was used instead. 
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the deck given in Plate III. This plate also affords a good view of 
the after one of the two special observation houses. These houses 
have revolvable glass domes, in each of which there are two adja- 
cent removable panels, so that, by turning the dome, it is possible 
to sight a celestial body and make both astronomical and magnetic 
observations from the stands inside the houses. Both the observer 
and the instrument are thus afforded full protection from the wind 
and weather. Fig. 2 represents a vertical plane through the four 

A 




instrument positions and the fore and aft line of the vessel. The 
sides of the par^lelogram are about 13^ feet, and the distance from 
B (center of forward observatory) to C (center of after observa- 
tory) is about ^ feet. 

Results of A(agnetic Observations Made on Swings of Vessel. 

In Table I the columns at the left and right give the mag- 
netic headings of the ship for which the observation tabulated ap- 
plies. At the top of each of the other columns there is first noted 
the particular magnetic element observed — magnetic declination or 
"variation of the compass,*' which is west at Gardiner's Bay, in- 
clination or dip of the north end of the "dipping needle," the total 
intensity of the magnetic force acting in the direction of the dip- 
ping needle, and lastly the horizontal intensity of the force acting 
on a compass needle. 

It will be noticed next that there are two columns (second and 
third) for the "west declination" results obtained by Messrs. Peters, 
Ault, and Craft, one for the marine collimator compass (M. C. C. i) 
at position A, and the other with Deflector No. 3 at C; the 
results for each instrument are the means of the swings especially 
carried out for the purpose of detecting any possible compass devi- 
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ations. The swings were made between 4:15 and 6 P. M., Sep- 
tember 2d, first with port helm, next with starboard helm; and 
there still being time, once more with port helm. Each swing thus 

Table /. Results of Magnetic Observations on the " Carnegie " from the 
Swings in Gardiner's Bay^ Long Island^ Aug, 31 to Sept, 2, igog. 





West Declqcation 


INCLINA- 
TION 


Total 
Intensity 


Horizontal 
iNTBNsmr 




Ship'* 
Head 


M. C. C. I 


Deflector 3 


D. C. 189 


D. C. 189 


D. C. 189 


Deflector 3 


Ship's 
Hbao 




Potition A 


Portion C 


Potition B 


Potition B 


•Position B 


Position C 




N 


/ 
II 27 


/ 
II 28 


/ 
72 00 


cgs 
.5948 


.1831 


.1832 


N 


NE 


25 


29 


6 


50 


31 


26 


NE 


E 


31 


32 


5 


53 


32 


32 


E 


SE 


25 


26 


4 


61 


34 


26 


SE 


S 


23 


28 


4 


57 


33 


33 


S 


SW 


22 


29 


I 


54 


32 


29 


SW 


W 


24 


26 


3 


48 


30 


24 


W 


NW 


31 


32 


10 


49 


31 


23 


NW 


Means 


II 26 


II 29 


72 04 


.5952 


.1832 


.1828 





took about one-half hour, or about the same time as would ordi- 
narily be spent on a set of declination observations on land. It will 
be of interest then, as showing the high accuracy attainable with the 
instrumental appliances and methods of the "Carnegie," to give 
the mean declination result for each of the three swings separately : 





Position 


Helm 


A 

(M. C. C. 1) 


c 

Defl'r No. 3* 


Port, 

Starboard, . . 
Port 



11.40 
.44 

45 




11.56 
.41 




1143 


11.48 



1 FoT this instrument, owing to the masts cutting off the Sun, two headings 
were missed on the first port swing; the mean of the remaining six headings 
gave ii**.36. 
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IwOoking over columns 2 and 3, it will be seen that the results 
for the various headings of ship differ from the mean, in the maxi- 
mum, by but six minutes — in general the differences are about 
three minutes! We may therefore safely conclude that at the two 
positions on the "Carnegie," A and C, there are no compass devia- 
tions such as vary with headings of a vessel. It may furthermore 
be concluded, in addition to the evidence afforded by the results 
from the other magnetic elements, that, if there were any pro- 
nounced cause for a constant deviation correction, it would be 
shown, in some measure, by a comparison of the observations at 
the two positions. It will be seen, however, that the figures in 
columns 2 and 3 differ from each other, even for the individual 
headings, at most by but /.minutes — in general but 3 or 4 min- 
utes — or, in other words, the differences are on the order of the 
observing errors. C is the nearest position to the iron parts of 
the auxiliary propulsion plant; the average distance of these parts 
from C is about 43 feet. 

Coming next to the fourth column, we have the results of the 
dip observations made with L. C. Dip Circle No. 189 in the forward 
observatory (Position B) on two swings (first with starboard helm, 
next port helm), between 6 and 9 A. M., September i, 1909. Needle 
No. 9 was used throughout. For each heading on the first swing 
complete dip observations were made with polarity A; then before 
the reverse swing was made the polarity was reversed and complete 
observations were again secured on each heading, but this time with 
polarity B. The average time required on each heading was 4 min- 
utes for one polarity, during which period the observer. Dr. C. C. 
Craft, read the needle in the usual four positions (Cir. East, Face 
Needle East, Cir. W., Face W., Cir. W., Face E., Cir. E., Face W.). 
The needle, owing to the ship's motion, swung through an arc of one 
to two degrees ; the extremes of the. arc being invariably read so that 
since for each position the settings were repeated, and as both ends 
of the needle were also read, there were taken by Dr. Craft, in the 
short space of 4 minutes, 8X4, or 32 readings in all, which were 
recorded for the observer by Mr. Tafel. 

The results given in column four are the means of both polari- 
ties, «. e,f the mean of the observations made on the two swings on 
the same heading. All corrections on the standard instruments of 
the Department have already been applied ; hence the results given 
are absolute ones with all instrumental errors as far as known elimi- 
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nated. Glancing down the column, it will be noted that the range 
in the individual results is but 10 minutes, and the largest residual 
from the mean of all the headings is 6 minutes. When it is recalled 
that the result for any one heading depended on observations cov- 
ering, on the average, a total period of 2X4, or 8 minutes in all, 
we certainly have an exhibit here of perfection of methods and in- 
strument, as well as skill of observer. That this is not an acci- 
dental exhibit is shown by the tabulation of the results separately 
for each swing — only one residual out of 16 amounts to 9 minutes ; 
generally they are below 5 minutes. To be sure, these are observa- 
tions secured under favorable conditions with a smooth sea, but it 
must be remembered that it was only a few years ago when the 
Kew Observatory would not give the test results gotten by it with 
ship dip circles, though made on a fixed pier, inside an observatory, 
closer than 5 minutes. 

The average dip for the eight headings, 72° 04', is the result of 
about the same amount of time as consumed in land dip circle ob- 
servations, and it probably possesses an absolute accuracy of about 
2'. At the position B, where the dip observations are made, we may 
safely assume from the above results that there are no deviation 
corrections which need be considered. 

The total intensity results given in the next column were ob- 
tained on the afternoon swing of September i, with port helm. 
The maximum departure from the mean occurs for heading SE 
and is but 0.0009 of ^ C. G. S. unit ; in general the residual is less 
than i/iooo part of the value (.5952). The figures, if plotted, 
would apparently indicate a small deviation error, which, however, 
must be regarded as accidental or of the kind of apparent deviations, 
already referred to; had there been opportunity to get total in- 
tensity results on another swing, the probabilities are that the means 
of the two swings would not have shown any deviation. 

Finally we have to consider the horizontal intensity results. 
Those in the sixth column are derived from the dips and total in- 
tensities observed with L. C. D. C. 189 at B, already contained in 
the preceding two columns. The next column gives the horizontal 
intensities observed with Deflector No. 3, by Mr. J. P. Ault, at C 
on the two jnorning swings (both helms) of August 31 and Sep- 
tember I. Deflecting Magnet 45 was used throughout, and two 
deflecting distances were employed. Looking over these columns, 
it will be seen that, at the most, the residual from the means does 
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not exceed .0005 C. G. S., and this only twice; in general, the re- 
sidual is about 1/600 or 1/900 part of the absolute value. We may 
therefore safely assume the absence of appreciable harmonic devi- 
ations. The close agreement in the mean results for the two posi- 
tions furthest apart (H for B being .1832, and for C .1828) is cer- 
tainly most gratifying, when it is considered that they were obtained 
under totally dissimilar conditions, with different observers using 
instruments varying greatly in design (one a dip circle, the other 
a specially designed deflector attached to a liquid compass). If 
we take the average, .1830, as the correct result for the vessel, then 
the departure of the result for B or C is but 1/900 part — an ab- 
solute accuracy approaching that of refined land observations. 
Some land observations are made nowadays which cannot even 
make claim to this accuracy. 

The close agreement in the magnetic elements obtained at the 
various observing positions has already been mentioned as indi- 
cating the absence of any deviation errors which, because of their 
being constant for all headings of the ship, would not be revealed by 
the "swing" observations. To test this still further, the place of 
swing was so chosen that observations might be made on shore at 
a sufficient number of points whose mean position would be about 
the same as that of the sea station. 

In Table II, given at the end, are tabulated the results of the 
land observations obtained on the "Carnegie's" cruise. Taking the 
mean of the four stations on Long Island, we have the following 
comparative data applying to latitude 41° 06' N., and longitude 
72° 13' W.: 

Prom Land Observations, . 
Prom Ship Observations, • 

A good agreement will be noticed here for the dip and the in- 
tensity, but not for the magnetic declination. Unfortunately the 
magnetic elements for the four land stations differ considerably 
more from each other than they should, were there no local disturb- 
ances. It is, therefore, not safe, in this locality, to determine from 
the land observations what the values of the magnetic elements are 
at sea, where the vessel was swung. 

The desire, therefore, arose to "make assurance doubly sure" 
with regard to deviations of any kind (constant or harmonic), and 



Declination 


Dip 


HorixonUl 
Intensity 


* 
11 03 West 


# 
72 08 


.iKs 


II 27 


72 04 


.1830 
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to swing the "Carnegie" in a locality as free as possible from local 
disturbances. Commander Chetwynd, Superintendent of the Com- 
pass Department of the British Admiralty, being appealed to for 
advice with respect to a British port fulfilling the desired conditions, 
recommended Falmouth. The "Carnegie" arrived at this port on 
October 14th, just in time to escape a very severe gale. 

Not until the morning of October i8th were there any indica- 
tions of being ;ible to secure a swing. Conditions were not wholly 
favorable even then, considerable cloudiness prevailing, so that the 
declination. gbservations had to extend later into the morning than 
desirable; however, observations on two swings with both helms 
were obt^ned, after considerable effort, by Messrs. Peters and Ault. 
The mean results are as follows, the marine collimating compass at 
Position A being used : 

Tctble IL Magnetic Declination Observations in 
Falmouth Bay {Latitude, so'^od^ W; Longi- 
tude, s'^oi W), Oct, 18, igog. 



Ship's Hbad 




Port Helm 


SUrb. Helm 


Mean 


N 



17.62 W 



17.84 w 




17.73 w 


NE 


.66 


.81 


.74 


E 


.75 


.70 


.72 


SE 


.77 


.75 


.76 


S 


.69 


.73 


.71 


SW 


.60 


.86 


.73 


W 


.88 


.87 


.88 


NW 


. .76 


.76 


.76 


Means, . . . 


17.72 


17.79 


17.754 



Looking over the figures, it must again be concluded that there 
are no compass deviations on the "Carnegie," varying with the 
ship's head, which need be taken into account. 

The morning had advanced too far to attempt also swings for 
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dip and intensity observations. A severe strain had already been 
put on the chief engineer, for it ought to be mentioned that this 
swing, as well as those in Gardiner's Bay, was made with our 
novel auxiliary power — a non-magnetic producer gas engine. It 
was necessary to suspend operations and return to the inner harbor 
for some repairs. Not until late in the afternoon was it possible 
to go out to the bay again and to resume the magnetic work. Some 
time was unfortunately lost in looking for the buoy which had 
been placed to mark the spot of the morning swing; it could not 
be found, having evidently been removed by sonie one since the 
morning. By this time the afternoon was so far gone that the elab- 
orate program outlined had to be abandoned. Chief attention had 
then to be confined to the carrying out of a scheme which would 
ensure getting an average result possessing the required accuracy 
for testing the question as to a constant deviation — ^the matter which 
could not be settled wholly in Gardiner's Bay on account of local 
disturbance. 

The mean results of all the magnetic observations made in 
the Bay, with all corrections applied (reduction to standard instru- 
ments and approximate diurnal variation and magnetic disturbance), 
compare with the "Carnegie's" land observations (Table III) at 
Falmouth and St. Anthony, reduced to the sea station with the aid 
of Riicker and Thorpe's tables as shown below : 



Comparison of Magnetic ObservationSy Falmouth Bay, Oct, iS, igog. 
Latitude, so''o6' N; Longitude, s'^oi' W, 





Declination 


Inclination 


Horizontal 
Intensity 


"Carnegie*s"ShipObervation8, . . . 

" Carnegie's " Land Observations, . . 

British Magnetic Survey, 


o t 

17 45.0 W 
17 45.1 
17 44.8 


66 3ao 
66 304 
66 29.1 


.1878 
.1876 



For further comparison is given the British Magnetic Survey 
value dependent upon Rucker and Thorpe's land magnetic obser- 
vations referred to October 18, 1909, with the aid of the valuable 
series of annual values of the Falmouth Magnetic Observatory. 
This value was checked by Sir Arthur Riicker, independently of 
ourselves; it has been referred to the same standards as used for 
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the "Carnegie" work, in order that the results might strictly be 
compared. It will be seen that the exhibit is very satisfactory ; only 
for the horizontal intensity is there a difference between ship and 
land results detectable by a magnetometer. The present ship value 
may readily be out by 3 or 4 units in the fourth decimal because of 
the conditions which had to be met, as above stated ; furthermore, 
a magnetic storm was in course of development during the obser- 
vations, which, however, reached its maximum after the cessation 
of the observations. A correction has been applied on account of 
this disturbance, as based on data supplied by the Kew Observa- 
tory ; but this correction amounted, on the average, only to — 0.00007 
C. G. S. unit. 

It has been thought worth while to go into some detail with 
reference to the special tests made at Gardiner's Bay and Falmouth, 
not alone because of the proof afforded as to the absence of ap- 
preciable deviation corrections, but also because they furnish the 
most rigid test possible of the perfection of the instrumental ap- 
pliances and of the methods of observation. Given favorable con- 
ditions, it is now possible to secure sea magnetic observations pos- 
sessing an absolute accuracy not so far behind the land magnetic 
surveys conducted by experienced magneticians. However, it must 
not be forgotten that one can not choose, in general, time of ob- 
serving at sea, and await favorable conditions, and so it is necessary 
to be satisfied with a lesser degree of accuracy or at times get 
nothing at all. 

Land Observations. 

Table III gives a summary of the chief results obtained by the 
"Carnegie" on land at the ports visited. These observations were 
made almost invariably with the usual land instruments (magneto- 
meter and land dip circle) carefully and frequently standardized. 
Their prime purpose was to determine the constants of the ship 
instruments, which were dismounted at a port and carefully 
compared with the standard land instruments. At the same time 
the effort was made to obtain secular variation results by re-occupy- 
ing previous stations, whenever conditions permitted, or establish- 
ing new stations to serve for future occupation. The results as 
given are subject to some future small corrections; they have been 
provisionally corrected for diurnal variation and reduction to stand- 
ards. Brief descriptions of the stations will be found on pp. 78-82. 



Digitized by 



Google 



70 



L: a, BAUER AND W. /. PETERS 



[Vol. XV, No. 2l 



Table III, Results of Magnetic Observations at Land Stations, on First Cruise 

of the '' Carnegie," 


Station 


Utitndt 
1 


LoBCitad* 

w«t«r 

GrNBwisk 


Datb 

I909-19IO 


DwUaatioa 


1 


Bori. 

MBtSl 

UtcMity 


Sammy's Beach, I^ong Island. . 

Gardiner's Island, 

Greenport, 


o t 

41 01.3 
41 05.8 
41 06.4 
41 07.1 


t 
72 11.5 
72 08.1 
72 214 
72 »7 4 


June 25. •o9» .... 
June 26, '09, .... 
June 28, '09, .... 
June 24, '09 


/ 
II 02.4 

II 07.3 

10 49.4 

11 11.3 


1 
72 05.1 

7209.4 

72 06.6 

72 10.9 


.18197 
.18341 




.18312 


New York, Bronx Park, A, . . 
" '• A, . . 
*• •' B, . . 


40 517 
4051.7 


73 52.5 
73 52.5 


July 14, '09, .... 
Mar. 4. w, '10, . . . 
Mar. 4. 9i ". 'lo, . . 


1006.7 

10 11.8 

11 12.3 


72034 
7206.7 
7208.3 


.18532 
.18522 
.18535 










St. John's, N. P., A & C 

St. John's, N. P., North Head, . 
<* ** South Head, . 


47 34-4 
47 34.1 
47 33-8 


5241.9 
52 40.4 
5240.4 


Aug. 2i-Sept. 20, '09. 

Sept. 21, '09 

Sept. 21, '09 


2944.3 

2948 

2940 


73 294 
7332.8 
73 28.2 


.15925 
.1609 
.1599 


Palmouth, Eng., Trefusis Pt., . 

" *• Mar Obs'y. . 

'• St. Anthony, 


5009.5 
09.0 
08.5 


5 034 

504.6 
5 00.6 


Oct. 20-22, '09, . . . 
Oct. 22-29, '09, . . . 
Oct. 25, 26, '09, . . . 


17 44.1 
17 46.2 
1750.9 


6633.3 
6631.7 
6633.1 


.18749 
.18768 
.18750 


Punchal,« Madeira, SUtion A, . 
•' •• •• B, . 


3238 


X655 


Nov. 27, '09, . . . . 

Nov. 27, '09 

Nov. 27, '09 

Nov. 27, '09. . . . . 


2023 
ao 21 
18 23 
1659 


53 52.8 
53526 
5408 

54 13 


.25^8 

.2526 


•• " •• C, . 








•' " *• D. . 
















Bermuda,* Agar's Island, A, . 

B, . 

Hunt's Island, A, . 

B.. 


32 17.6 
32 17.6 
32 15-4 
32 15 4 


6448.0 
6448.0 
64 19.6 
64 19.6 


Jan. 10, II, '10, . . . 
Jan. II, 12, 18, '10, . 
Jan. 22, '10, . . . . 
Jan. 22, '10 


10 45.0 
1050.4 
6468 
6 45 9 


67 20.6 
67 24.8 
6457.0 
6456.3 


.21066 
.20988 
.23317 
.23292 



• Local Disturbance' 

Results of Ocean Magnetic Observations. 

Table IV is a summary of the results of the magnetic observa- 
tions made at sea by the "Carnegie" on her first cruise. The geo- 
graphic positions assigned are believed, in general, to be correct 
within 2 or 3 minutes in latitude and longitude; like the magnetic 
work, all astronomical observations and computations for ship's 
position were made always in duplicate, and frequently in triplicate. 

The values of the magnetic declination (variation of the com- 
pass) contained in the fifth column are g^ven to the nearest tenth 
degree. They may, in general, be accepted as correct within five 
or six minutes, at times even within 0*^.05 or three minutes; but 
then again, owing to the adverse conditions of weather and sea. 
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the error may be one-fifth of a degree or twelve minutes ; there are 
probably not over a half dozen cases for which the error will reach 
one-third degree. 

The values of the magnetic dip are likewise given to the nearest 
tenth degree ; they are frequently correct within three minutes. The 
cases for which the error may be about ten minutes appear to be 
but very few, and these apply only to conditions for which ordi- 
narily no observations would have been attempted. 

The horizontal intensities are tabulated to the nearest unit of the 
third decimal C. G. S. units. For the portions of the cruise for 
which a good control of the instrumental constants could be ob- 
tained from shore observations, viz., from New York to St. John's, 
and thence to Falmouth, and again on the homeward trip from 
Bermuda to New York, they may be regarded as correct, in general, 
to within one-half a unit of the third decimal, i. e., within 0.0005 
C. G. S., and even at times to within less than this amount. On 
the cruise from Falmouth to Madeira, and thence to Bermuda, the 
third decimal may be uncertain generally by about a unit. This is 
due to the fact that, because of the pronounced local disturbance in 
Madeira, whereby even a change of but a few inches in the height 
of a magnet above the ground might make an appreciable difference, 
it was not deemed possible to obtain satisfactory determinations of 
the constants of the ship instruments. However, the necessary cor- 
rections will be derivable from the observations on the second cruise. 

No corrections on account of diurnal variation have at present 
been applied ; however, the average local mean times when the ob- 
servations were made are given; owing to the plan adopted, these 
corrections, in fact, will in general be less than the error of ob- 
servation. 

In the columns of remarks will be found the necessary data re- 
garding the roll of vessel (half the total angle through which the 
vessel rolls from side to side), and conditions of sea and weather, 
so as to enable one to get some idea of the conditions under which 
the observations had to be made. Most likely the adverse condi- 
tions so often encountered on this First Cruise will not be as fre- 
quent in future cruises, which can be planned in order to be in the 
various regions required at the best possible season. The "Car- 
negie'' has, furthermore, since had her keel deepened by about 16 
inches, which it is hoped will check somewhat the violence of her roll. 
On the average, in spite of the adverse conditions, some magnetic 
data were obtained practically daily on the entire cruise, and at times 
observations were made both in the morning and afternoon of the 
same day. 
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Table IV, Results of Ocean Magnetic Observations made on First Cruise of the 

•* Carnegie " 
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i^i" 




No. 


Date, 


55^ 

e 


OOQ 


t 




1905^10 


<^5 


1 






n 


"^ 








/ 


/ 




52 


Nov. 15, 


44 16 


15 27 




53 


20, 


40 20 


17 56 


54 


20, 


40 05 


17 48 


55 


22. 


37 34 


1639 




56 


22, 


37 19 


16 37 




57 


22, 


36 31 


16 29 




58 


23. 


36 II 


16 23 




59 


23. 


35 32 


16 32 


60 


24^. 


35 24 


16 31 




61 


33 31 


16 17 




62 


24^ 


32 52 


16 25 




63 


Dec. 2, 


30 55 


18 10 




64 


2, 


30 15 


1835 




65 


2, 


2958 


18 52 




66 


3. 


27 54 


20 17 




67 


3> 


27 45 


20 24 




68 


4< 


26 39 


21 08 




69 


4. 


2606 


21 33 




70 


4. 


25 52 


21 47 




71 


5. 


24 55 


23 08 




72 


5, 


24 26 


2348 




73 


5. 


24 14 


24 02 




74 


6. 


23 18 


25 18 




75 


6, 


-22 53 


25 53 




76 


6, 


2243 
21 58 


26 06 


77 


7, 


27 30 


78 


7, 


21 35 


28 25 


79 


7, 


21 30 


28 48 


80 


8, 


21 uo 


30 56 


81 


8, 


20 56 


32 04 


82 


8. 


21 00 


32 24 


53 


9, 


21 07 


34 17 


^ 


9. 


21 07 


34 i^ 




ll 


10, 


21 06 


35 04 




86 


10, 


21 03 


35 41 




87 


10, 


2£ 02 


35 57 




88 


II, 


20 52 


37 05 




89 


II, 


20 50 


37 39 




90 


II, 


20 48 


37 52 




91 


12, 


20 40 


39 13 




92 


12, 


20 39 


39 40 




93 


12, 


20 40 


3948 




94 


13. 


20 39 


40 36 




95 


13. 


20 38 


40 52 




96 


13, 


2038 


41 00 




97 


14, 


20 33 


41 40 




98 


14. 


20 26 


42 06 




99 


15, 


19 57 


42 57 




100 


15. 


19 57 


43 43 




lOI 


16, 


20 02 


45 2^ 





.l63.7l.205l I J 
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10 


xw 


14.6 
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5 
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13.6 
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16.4 
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16.4 
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6.7 
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13.6 
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16.8 
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6.8 
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13.6 


9 
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16.7 
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6.7 


5 
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13-7 


7 


s 


16.8 


8 
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6.6 


5 
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7.0 


10 


w 


13.9 


13 


s 


17.0 
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Mod. rolling 
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Smooth 

Smooth 

Smooth 

Smooth 

Smooth 

Smooth 

Moderate 
Moderate 

Moderate 

Smooth 
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Smooth 
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Mod. rolling 
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Smooth 

Smooth 

Smooth 

Smooth 

Moderate 
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Smooth 

Lone rolls 

Moderate 

Moderate 

Mod. rough 

Moderate 

Moderate 

Moderate 

Smooth 

Smooth 

Smooth 

Smooth 

Smooth 

Smooth 

Moderate 

Mod. choppy 

Moderate 



Part cloudy 
Part cloudy 
Part cloudy 
Part cloudy 
Part cloudy 
Part cloudy 
Part cloudy 
Part cloudy 
Part cloudy 
Cloudy 
Cloudy 

Part cloudy 
Cldy, showers, 

and squalls 
Part cloudy 
Part cloudy 
Part cloudy 
Part cloudy 
Part cloudy 
Part cloudy 
Part cloudy 
Part cloudy 
Part cloudy 
Part cloudy 
Part cloudy 
Part cloudy 
Part cloudy 
Part cloudy 
Part cloudy 
Part cloudy 
Overcast, squally 
Part cloudy 
Part cloudy 
Part cloudy 
Part cloudy 
Part cloudy 
Part cloudy 
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Part cloudy 
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1 Bridences of local disturbances. 
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Table I V.^ Results of Ocean Magnetic Observations made on First Cruise of the 

" C arnegie "— Concluded, 




I02 
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104 
105 
106 
107 
108 
109 
no 
III 

112 

114 

116 
117 
118 
119 
120 
121 
122 

124 
125 
126 
127 
128 
129 
130 

131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 

143 
144 

146 

147 
148 
149 



Dec. 



Jan. 



Feb. 



16. 
16, 
17, 
17. 
17. 
20, 
21, 
21, 
21, 

23' 
23' 
23» 
24' 

24. 

24' 

26. 
26, 
26. 

27' 
27' 
27' 

28, 
28, 

29' 
29' 
29' 

30' 
30' 
30' 

2, 
2, 
2, 

3. 
3. 
4. 
6, 

7' 
7' 

25' 

26, 

27' 

28, 
3I' 

3. 
3' 
6, 

9. 
10, 

II* 
II* 



c 


^S" 


2Sr 


^^ 


c 
a 


Os 


*» 
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ft 


/ 


/ 


20 04 


45 59 


20 03 


46 II 


20 02 


47 12 


20 03 


47 39 


20 04 


47 47 


1947 


49 33 


19 41 


49 54 
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50 16 


1940 


50 28 


1946 


51 12 


1958 


51 40 


20 02 


51 4« 


20 40 


53 00 


21 00 


53 59 


21 12 


54 12 


21 33 


54 51 


21 39 


55 03 


21 43 


55 12 


22 12 


56 oc 


22 30 


5638 


22 40 


5643 


23 06 


58 00 


23 II 


58 10 


23 44 


59 04 


24 04 


5938 


24 10 


59 48 


24 53 


61 12 


25 22 


61 59 


25 28 
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26 30 
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26 55 


65 46 


27 10 
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27 53 
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2808 
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31 57 
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32 23 


64 41 


32 40 


64 44 


36 20 


68 00 


36 10 


70 20 


36 13 70 17 


36 50 69 07 


37 20 70 37 


38 5071 40 


40 24 70 46 


40 18I71 06 


40 3H 


71 5^ 




Maokbtic 
Course 



6.1 



59-4 260 



265 



.261 



10.6 

....65.2 
... 68.1 

8.8.... 
... 68.3. 211 
. ..!68.8.2o8 
9.8 

...|7o.i.i97 
r2.0! 

I71.9.183 
7k8.i8^ 






Remarks 



Roll 



Sea 



Wcmther 



WNW 
WNW 
WNW 
WNW 
WNW 
WNW 

SW 

WNW 

WNW 

WNW 

NWXW 

NWXW 

NWXW 

NWXW 

NW>^ N 

NWXW 

NWXW 

NW 

NNW 

NWXW 

NW 

NWXW 

NW 

NW 

NWXW 

WNW 

WNW 

N55W 

NWXW 

NNW 

Various 

NNW 

NWXN 

N32 W 

NE 

N74W 

E 

NE 

N56E 

N57E 

Various 

NW^ N 

NW 

SW 
NW 

74 W 
NW 
f35E 
W i 

WNW^^WI 

NNE I 



13.9 

16.9 

6.6 

14.0 

16.8 

6.8 

7.0 

13.7 
17.0 

6.8 
13.8 
16.9 

6.7 

139 
17.0 

6.7 
14. 1 
17.0 

6.9 
14.0 
17.2 
14.0 
16.8 

7.0 
14.0 
17.1 

6.9 
13.9 
17.0 

xli 

16.9 

7.2 

14.0 

7.3 
14. 1 

13.8 
12.3 

Vanoos 
14.2 
91 

7.7 
14. 1 
14.0 
16.5 

9-5 

7.8 

13.9 

14.4 



15 

10 

10-15 

14 

15 

5 

5 

12 

5-7 
5-12 

7 

5 

7 
10 

8 

4 
14 

6 

4 

4 

6 

16 

6-20 

5 
II 
II 

6 

4 

4 

8 

9 

8 

4 
5 
8 
10 
5-10 
8 
o 
o 
o 

14 
25 

5 

5 
30 

3 

29 
15 

4 
21 



Mod. choppy 

Moderate 

Moderate 

Mod. rough 

Long rolls 

Smooth 

Smooth 

Moderate 

Smooth 

Smooth 

Smooth 

Moderate 

Moderate 

Choppy 

Moderate 

Moderate 

Simooth, rolling 

Long swells 

Moderate 

Moderate 

Moderate 

Ohoppy, rolling 

Oboppy, long rolls 

Moderate 

Moderate 

Moderate 

Moderate 

Choppy 

Moderate 

Choppy 

Ohrapy, rolling 

Choppv 

Smooth 

Smooth 

Smooth 

Rough 

Moderate 

Moderate 

Smooth 

Choppy 

Smooth 

Rough 

Moderate 

Moderate 
Moderate 

Rough 
Moderate 

Rough 
Moderate 

Smooth 
Mod. smooth 



Part cloudy 
Part cloudy 
Cloudy 
Clear 

Part cloudy 
Part cloudy 
Part cloudy 
Part cloudy 
Part cloudy 
Part cloudy 
Part cloudy 
Part cloudy 
Part cloudy 
Part cloudy 
Cloudy 
Part cloudy 
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Part cloudy 
Cloudy 
Part cloudy 
Overcast 
Part cloudy 
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Chart Errors. 

Charts of the lines of equal magnetic declination or variation 
of the compass. The article in Nature above referred to gave the 
corrections which would be required to make the latest charts of 
the British Admiralty, the Deutsche Seewarte, and the United States 
Hydrographic Office conform to the data of the "Carnegie" ob- 
tained September ist to October i8th, i. e., from Long Island to Fal- 
mouth. It was found that all three charts gave values too small by 
about one degree from Long Island up to some point off Cape Race, 
Newfoundland ; thereafter there was a tendency of a reversal in the 
corrections, i. e., the charts now frequently showed too high a value, 
approximating a degree. Since then the Deutsche Seewarte has 
issued its chart for 191 3 ; while the distribution of the corrections 
has been somewhat changed, the corrections are, in general, of the 
same character and amount as for the 1905 chart used in the pre- 
vious comparison. 

From Falmouth to Madeira the chart corrections were on the 
whole less, generally not exceeding one-half degree and being also 
of varying sign. 

From Madeira to Bermuda, all three charts, almost without ex- 
ception, required positive corrections, i. e., the charts gave too small 
westerly magnetic declination (variation of the compass). For the 
British and the United States Charts the corrections were practically 
the same, reaching a maximum amount of about i°.2; in general it 
may be said for the portion of the Atlantic traveled over by the 
"Carnegie" from Madeira to Bermuda, the two charts on the average 
gave too low values by nearly three-fourths of a degree. The Ger- 
man 1905 chart, as well as the new one for 191 3, invariably gave 
too low westerly magnetic declinations, the amounts varying from 
a tenth of a degree to two and a half degrees ; the average correc- 
tion is one and a half degrees. 

From Bermuda to New York all the charts again gave too low 
values of west magnetic declination, approximately, on the average, 
by one degree. 

Summing up, it may be said that the charts giving the direction 
of the compass issued by the British Admiralty and by the United 
States Hydrographic Office show too small west magnetic declina- 
tion along the tracfi of the ''Carnegie" from Madeira around to Ber- 
muda and Long Island, and from thence to a point off Cape Race, 
Newfoundland, the average correction approximating three-fourtlis 
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of a degree. The German chart shows the same systematic error 
in an even more pronounced manner. For the track from St. John*s 
to Falmouth, the corrections for all charts are, in general, reversed 
in sign, showing now too high values of west declination for 
long stretches by about three-fourths of a degree. From Falmouth 
to Madeira the charts were found more nearly correct. 

It appears that these systematic chart errors are largely due to 
erroneous corrections allowed in the construction of the charts be- 
cause of the secular variation. The lines of equal annual change 
given on the mariner's charts do not appear to conform to most 
recent data. In fact, owing to the very complicated nature of the 
secular variation, it is doubtful whether such lines ought to be drawn 
over regions, like the oceans, for which the data are more or less con- 
jectural and must depend upon extensive extrapolations. It would 
seem best to give the secular variation corrections only where they 
are definitely known. 

Comparing the value of the magnetic declination obtained at St. 
John's by Mr. E. Kidson, of the Carnegie Institution of Wash- 
ington, from August 20 to September 20, 190Q, as given in Table III, 
viz., 29° 44'.3 W., with the value at the same station, August 11, 
12, 1905, again by an observer of the Institution, 29*^ 36'.2 W., it 
is seen that west declination increased, on the average, two minutes 
a year between 1905 and 1909 ; the charts, however, give a decrease 
for this place of four minutes, and hence are in error six minutes, 
which in ten years amounts to a degree. So again for Bermuda, the 
observations of the Carnegie Institution of Washington 1907 to 
1910 would give an average increase of west declination of eight 
minutes per annum — the charts give the increase as only two min- 
utes, or again an error of six minutes. For Funchal, Madeira, a 
comparison of the values observed by Captain F. A. Chaves in 1903 
and 1906 and by the **Carnegie'' last November (Table III), all at 
practically the same point, show a decrease of west declination of 
nearly three minutes — ^the charts give a decrease of five and a half 
minutes. A comparison of the observations at Greenport, Long 
Island, by the Coast and Geodetic Survey in 1904 and the "Car- 
negie" in 1909 gives an average annual increase of west declination 
of five minutes against two or three minutes shown by the charts. 

The errors thus disclosed in the chart secular variation data go 
in the right direction to account for the errors in the compass di- 
rection above shown to exist in the charts used by mariners. 
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Charts of the lines of equal magnetic inclination. For the British 
Admiralty the corrections are in general less than two degrees, the 
maximum amount being 2}4 degrees, the signs alternating on va- 
rious portions of the "Carnegie's" cruise. The errors are largest 
for the portion between Madeira, Bermuda, and New York. For a 
long stretch between Madeira and Bermuda the chart values are 
invariably too small on the average by about two degrees. For the 
German charts the corrections are, in general, larger than for the 
British, reaching even 4J/I degrees between Madeira and Bermuda, 
the chart giving too high values at first and later too small values. 
Even for the region between Falmouth and Madeira, which was 
traversed by the German Antarctic ship, the "GaussJ* the German 
chart systematically gives too high values of the dip by nearly one 
degree. The large errors in the German chart for the region be- 
tween Madeira and Bermuda seem to have existed in the origfinal 
Neumayer chart of 1885. The United States Hydrographic Office 
has not issued any recent charts of the lines of equal magnetic in- 
clination and of equal magnetic intensity. 

Charts of the lines of equal horizontal magnetic intensity. The 
corrections for both the British and the German charts amount, in 
general, to several units in the third decimal and at times even reach 
the second decimal. On the average, the correction is about one- 
half of a unit in the second decimal C. G. S. ; the signs of the 
corrections alternate for various portions of the cruise. 

It is thus seen that the accuracy reached in the magnetic results 
obtained on board the "Carnegie*' is more than ample to disclose 
serious errors in the present magnetic charts. 
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DeBcriptions of Land Stations 

NEW YORK, LONG ISLAND 

Santmy's Beach, 1909. — The station is on a sandy ridge about midway 
of the length of the beach, and about 100 feet (30.5 meters) from the 
shore line. It is marked by a granite post 6 by 6 by 30 inches (15 x 
15x76 cm.) lettered on the top C. I. W. 1909. with a small drill hole 
at the center marking the precise point The following true bearings 
were determined : 

South edge of a house, 75** 28^.8 east of south 

Bast gable of a large house, 63 10 .7 west of south 

Approximate east end of Shelter Island, • • • 53 48 west of north 

Gardiner* s Island, 1909. — ^The station is at the western extremity of 
the Island about 100 feet (30 meters) back from the shore, on a level 
ground about 5 feet (1.5 meters) above the water. The station is marked 
by a granite post 6 by 6 by 30 inches (15X 15x76 cm.) set so as to pro- 
ject about six inches above the general surface, and lettered on the top 
C. I. W. T909, with a small drill hole defining the exact point. The fol- 
lowing true bearings were determined : 

Tip of telephone pole at the edge of the wood, . 89° 27^4 east of north 
West edge of box on the end pole where the 

telephone wire joins the cable, 44 32. 4 east of south 

Greenporty 1909. — ^The U. S. C. & G. S. station of 1904 was reoccupied. 
It is in the northern part of the school grounds just south of a row of 
large maple trees, and is marked by marble post, lettered on top U. S. C. 
& G. S. 1904, with a hole at the center to mark the precise point. The 
following true bearings were determined : 

Baptist Church spire, 23® 23^2 east of north 

Spire on a small church, 45 28 .2 west of south 

Long Beach, 1909. — ^The station is in line with the second oyster 
ground range, which consists of two tall white poles standing back from 
the beach ; it is 27 feet (8.3 meters) south of the nearer pole, and about 
100 feet (30 meters) from the water's edge; it is marked by a g^nite 
post 6 by 6 by 30 inches (15X 15x76 cm.), set so as to project about 
six inches (15 cm.) above the general surface, and lettered on the top, 
C. I. W. 1909, a hole in the center defining the precise point. The fol- 
lowing true bearings were observed : 

Long Beach Lighthouse, 57° 00^.8 west of south 

Orient Church spire, 13 00. 3 west of north 

Edge of wood on west end of Shelter Island, .17 49. 8 east of south 
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NEW YORK 

New York City, 1909. — The station is in the Botanical Gardens of 
Bronx Park, east of the Botanical Museum and east of the Bronx River ; 
it is at the highest point, and near the center of the open space south- 
east of the stone hut. The southwest corner of the stone hut is distant 
193.6 feet (59.02 meters), and a lamp-post on the west side of park road 
is 74.6 feet (22.73 meters) to the east-northeast, and a second lamp-post 
is 93.2 feet (28.41 meters) to the southeast on the east side of park road. 
The station of the U. S. C. & G. S. is distant 129.5 feet (3945 meters) to 
the west. The station is marked by a heavy wedge about 16. inches 
(40 cm.) long, set so as to project about 4 inches (10 cm.) above the 
general surface. In 1910 the precise point on the wooden wedge was 
marked by a copper tack. 

New York City, 19 10. — In addition to reoccupying the C. I. W. 
station of 1909, an auxiliary point of observation was established on the 
line joining it with the flagpole on the police station of Precinct No. 79 
produced northwestwardly 67.3 feet (20.5 meters). This point is about 
2 }i feet (0.8 meter) lower than the principal station and on the edge of a 
small bluff. The following true bearings were determined from the prin- 
cipal station : 

Flagpole on the Police Station, 51° 23^0 west of north 

Southwest comer of the stone hut, 13 26 .2 west of north 

Northeast edge of a small house, 45 41 .0 east of south 

Tip of a lamp-post, 7 13 .0 west of south 

NEWFOUNDLAND 

St. John's, 1909 (principal station, C). — The station is in a large field 
in the northwest comer of the grounds surrounding the Government 
House, a short distance southeast of the station established in j88i by 
Lieut. Very, and reoccupied in 1905 by Mr. Hosmer for the Carnegie In- 
stitution of Washington. The following distances were measured : to 
the center of the stone marking the station of 188 1, 85 feet (25.9 meters) 
to the northern fence, 86 feet (26.2 meters); to the west fence, 129.9 ^^^^ 
(39.60 meters); to the northwest comer of the fence, 169.3 feet (51.60 
meters). The station is marked by a sandstone block, lettered C. I. W. 
1909 on the top, a hole at the center defining the exact position. The 
following true bearings were determined : 

Congregational Church spire, 5° 10^.2 west of south 

Northwest fence comer, 84 51 .9 west of north 

Cochrane Street Methodist Church spire, . . .44 01 .9 east of south 
Nearest top comer of Lieut Very*s stone, . . 64 49 west of north 

St, John's, 1909 (first auxiliary station. A).— This station is located 
near the principal station and 16.5 feet (5.03 meters) southeastwardly 



Digitized by 



Google 



So L, A, BAUER AND W, /. PETERS [vol. xv, no. 2] 

from the stone marking the station of 1881, 36 feet (ii.o meters) from 
the northern fence, and 92 feet (28.0 meters) from the western fence of 
the enclosure. The following true bearings were determined : 

Cochrane Street Methodist Church spire, ... 3° 16^8 west of south 
Congregational Church spire, 46 27 .2 east of south 

Two other auxiliary stations, B and D, were occupied in connection 
with the testing of the ship instruments, B about 50 feet (15 meters) 
north-northwest, and D about the same distance west-southwest of the 
principal station. 

The Narrows y St. John's, 1909. — Two stations were occupied at the 
Narrows, one on the North Head, and one on the South Head, approxi- 
mately in the line of the same azimuth marks, the flagstaff at the light- 
house at North Head, and the southeast comer of the building intended 
for a small-pox hospital. The station at North Head is below the hos- 
pital, 30.5 feet (9.30 meters) from the rock face below the building, and 
44 feet (13.4 meters) from the crown of the rock to seaward, the measure- 
ments being made along the inclined surface and in the line joining the 
southeast comer of the hospital and the flagstaff at the lighthouse on 
South Head. The station at South Head is about half way up the hill 
between the sea and the flagstaff by the lighthouse, on a small path 
leading up the hill ; it is about two feet (0.6 meter) east of the line join- 
ing the flagstaff and the southeast comer of the hospital building at 
North Head. 

ENGLAND 

Falmouth, 1909. — The station is on the flat forming Trefusis Point, 
on land leased by Mr. Laity, who lives on the high land. It is 14 paces 
(13 meters) from the bank above the rocky beach, and 41 paces (38 
meters) from the more southerly of the football goal posts ; it was not 
permanently marked. The following true bearings were determined : 

Center of St Anthony's Lighthouse tower, . .51** lo^.o east of south 

Main flagpole on Pendennis Castle, 20 08 .0 east of south 

Church spire on hilltop, 43 29 .3 west of south 

A secondary station was established on the line joining the principal 
station with the center of St. Anthony's Lighthouse tower produced 
northwestwardly 21 paces (19 meters), to a point about 24 paces (22 
meters) from the edge of the hill. 

Falmouth Observatory, 1909. — The observations were made at the Ob- 
servatory on a brick pier in the hut used for absolute observations. A 
stone set up on the opposite hillside was used as a mark. This is the 
permanent reference mark of the Observatory, and bears 4° 40^.7 west 
of south. 
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St, Anthony, 1909. — ^The station is southwest of the government sig- 
nal station, and southeast of the fort on St. Anthony's Point, within but 
near the edge of a field belonging to Mr. Spry. It is in a depression so 
low that only the top of the signal can be seen, and is about twenty 
paces eastwardly of the point where the fence that bounds the field de- 
flects toward the water's edge. The station was not marked. The mark 
is a small rod alongside the only small house visible at the fort, and 
bears 58® 58.9^ west of north. 

MADEIRA 

Funchal, A, 1909. — Observations were made at a point near the center 
of the parade grounds of the College Barracks, reoccup3dng as closely as 
could be determined the station of Capt. F. A. Chaves, 1903 and 1906. 
The Cathedral spire bears 44° 43^.6 east of south. 

Funchaly C, 1909 (secondary station). — This station is on the point 
west of Funchal about yi mile (0.2 km.) east of the new fish cannery, on 
a level bluff about 60 feet (18 meters) above the water and about 15 feet 
(4.5 m) back from the beach. Sail Rock bears 82° 43.7^ east of south. 

Auxiliary stations were established at both of these points, and showed 
considerable local disturbance ; B was ArO feet from A and D was ^2%feet 
from C. 

BERMUDA 

Agar's Island, 19 10. — ^The C. I. W. station of 1907 was reoccupied. It 
is near the southwestern extremity of the Island, about 150 feet (46 
meters) from the western extremity of the spur extending westerly 
toward Two Rock Passage, about 35 feet (11 meters) from the south 
shore line and about 60 feet (18 meters) from the north shore line. The 
spur is separated from the main part of the Island by a shallow cove. 
The station is marked by a native coral stone post 18 inches (45 cm.) 
long, set so as to project about 6 inches (15 cm.) above the general sur- 
face, the projecting portion is squared to 10 by 10 inches (25 x 25 cm.), 
and is covered with a very thin layer of cement in which the diagonals 
are marked, the intersection of the diagonals defining the precise point. 
The following true bearings were determined : 

Gibbs Hill Lighthouse (mark) 27° 51^6 west of south 

Clock (left) tower at the Dock Yard, 33 19 .1 west of north 

Bast gable of a red- tiled roof, 50 32 .1 east of south 

Flagpole at Port's Island (naval quarantine), . 43 32 .3 west of south 

A secondary station was established 106.3 ^<set (32.4 meters) almost 
due west of the principal station near the extremity of the projecting 
point of rock. 

4 
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Spectacle Island or Hunt's Island, 19 10. — The C. I. W. station of 1907 
was reoccupied. It is near the center of the western part of the island, 
in a low circular opening among the trees where the soil is unusually 
deep. There are trees about 25 feet (7.6 meters) to the east, and a clump 
of bushes 12 feet (3.6 meters) to the west. Two l^rge cedar trees 9 feet 
(2.7 meters) apart are standing, one 18 feet (5.5 meters) to the south, and 
the other 22 feet (6.7 meters) southwesterly. The bare rock is about 12 
yards ( 1 1 meters) to the north through the bushes, and about twice as 
far to the south. The shore on the south is very flat, so that the dis- 
tance to the water varies greatly with the tide. The station is marked 
by a cedar post set about 20 inches (about 50 cm.) in the soil and pro- 
jecting slightly above the surface. The top is marked by the letters C. I., 
made by driving in brass nails. The following true bearings were de- 
termined: 

Clock tower at the Dock Yard, o® 34''. 5 east of north 

Left edge of tank, at north end of Boaz Bridge, 20 41.7 west of north 
Vane on the Lighthouse, 8 34.5 east of south 

A secondary station 34.55 feet (10.53 meters) south of the principal 
station in exact line with the clock tower at the Dock Yard was also 
occupied. 
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ATMOSPHERIC ELECTRICITY OBSERVATIONS ON 
THE FIRST CRUISE OF THE "CARNEGIE." 

By Edward Kidson. 

Observations for specific conductivity of the atmosphere and 
the detection of the presence of radio-active emanations were taken, 
in accordance with the Director's instructions, on the portions of 
the cruise between Falmouth and Madeira, Madeira and Bermuda, 
and Bermuda and New York. The plan was to devote alternate 
days to conductivity and radio-activity observations. This program 
was interfered with by bad weather and by the failure on some oc- 
casions of the Zamboni dry pile which was used to charge the col- 
lecting wire in the radio-activity experiments. 

I. Conductivity Observations. 

These were taken with a Gerdien conductivity apparatus. The 
instrument and the method of use were similar to those already 
described by Messrs. Burbank and Dike in the Journal.^ A uniform 
current of air is drawn by means of a fan through' a cylindrical 
condenser, the inner cylinder of which is connected with the leaves 
of an aluminum leaf electroscope. The outer cylinder is i6 cm. in 
diameter and 35 cm. long, while the inner cylinder is 1.4 cm. in 
diameter and 24 cm. long. The capacity is 12.9 cm. The inner 
cylinder is charged to a potential indicated by the electroscope, and 
a current of air drawn through for a certain time, usually five min- 
utes. The ions charged with electricity of the opposite sign to that 
of the inner cylinder will be attracted to it and gradually dis- 
charge it. Above a certain velocity the rate of discharge is prac- 
tically independent of the velocity, the current being prevented from 
approaching saturation. 

The electroscope was calibrated at the United States Bureau of 
Standards, Washington, D. C, on July 28, 1909, and again on April 
15, 1910, hence before and after the cruise. There was a consid- 
erable increase in the sensibility between the calibrations. The mean 
of the two was used in the reduction. 

If the time of exposure be five minutes, V the initial and V 
the final potentials, the suffixes p and n denoting whether the charge 
be positive or negative, \p and Kt the conductivities for positive 

1 Ter. Mag., v. XII, 1907, p. i ; v. XIII, 1908, p. 119. 
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and negative electricity respectively, and X the total conductivity, 
then: 

A^' = constant = 1.6 X io""3 for the instrument used ; X = X„ + A^ . 

The apparatus, when used, was placed on a gimbal stand amid- 
ships between the after observatory and the mainmast. (See 
Plate III, Position E.) From Falmouth to Madeira, and beyond to 
December loth, it was mounted on a base, improvised aboard, which 
did not permit of its rotation; consequently, as the electroscope 
could only be read when the leaves were deflected in the fore and 
aft line, it was not possible always to turn the instrument directly 
into the wind, but it was always deflected slightly to windward 
from the normal position facing the stern. On December 13th the 
base was so modified as to permit of the rotation of the instrument, 
and thereafter it was turned into the wind during the exposure and 
turned back into the fore and aft line for the reading of the de- 
flection. Observations of temperature and humidity by means of 
a psychrometer, and of the air pressure, wind, clouds, and state of 
the sea, were made by the observer during the experiments. Ob- 
servations for natural leakage were made at intervals, and this 
seemed usually to decrease to a very low value during the observa- 
tions. The mean value for the leakage, computed in the same way 
as the conductivity, was for negative charges o.04Xio-'» and for 
positive charges 0.05X10'^. No correction for leakage has been 
applied. When the wind was sufficiently strong to ensure the 
maximum current being produced, the fan was not rotated by hand, 
but the crank removed and the wind allowed to rotate it. 

A summary of results obtained will be found in Table I. The 
observations were about equally divided between those for positive 
and those for negative conductivity and were made alternately. The 
tendency of the barometer is obtained from the "Carnegie's" baro- 
graph records. From November 23, 1909, to January 11, 1910, the 
conditions were very steady and there was a regular half -daily vari- 
ation of the pressure, the maxima being in the neighborhood of 
midday and midnight. The approximate position of the ship is 
determined from the navigation observations. 

From the observations obtained no connection could be estab- 
lished between atmospheric pressure, humidity, wind, or cloud and 
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the conductivity. When, however, there was a visible fog or haze 
the conductivity was greatly reduced. This was noticed in some 
preliminary practice experiments at Falmouth and in Long Island 
Sound. Rain squalls of short duration did not produce any effect. 
As the conductivity is an extremely variable quantity, a very large 
number of observations is required before the connection with 
meteorological conditions can be thoroughly investigated. One ef- 
fect that was noticed was that a l6w conductivity was invariably 
obtained when the vessel was in the neighborhood of land. This 
effect was heightened in Long Island Sound by the state of the at- 
mosphere and probably by the presence of snow on the land and 
ice on some stretches of water. 

Another noticeable fact is the persistent excess of the positive 
conductivity over the negative. The only occasions on which the 
reverse appeared to be consistently the case were while the ship 
was at anchor off Madeira and in Hamilton Harbor, Bermuda. 
This higher value of the positive conductivity is probably due 
chiefly to the accumulation of positive ions near the negatively 
charged Earth's surface. If this were so, then the effect should 
not be so noticeable in balloon observations, which I believe has 
proved to be the case. 

None of the present theories seem sufficient to explain the high 
degree of ionization observed in the air. 

On December iSth-igth continuous observations of the conduc- 
tivity were taken over practically twenty-four hours, in order to 
discover, if possible, a diurnal variation. The day was exceedingly 
calm and fine, with a glassy sea with a smooth, low swell. The 
ship being without steerageway, no magnetic observations could be 
taken, so that the opportunity was considered good for the attempt. 
The results obtained are shown in Fig. i. 

NOON l6h 2ob MIDN'T 4 A.M. 



, y - ,^J ' * — < 



3-0 



Fig. I. Conductivity of the Atmosphere^ December iS-ig^ igog 

[Smoothed curves obtained by taking the mean of all observations between each 
determination of the leakage. Ordinates represent absolute specific conductivity 
times 10*. Continuous line represents the conductivity for negative electricity, and 
the broken line for positive electricity. 
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The curve was obtained by plotting the means of the values of 
positive and negative conductivity respectively, four to eight in 
number for each, obtained between each observation for leakage. 
The leakage experiment made a relatively long break, so that the 
method of grouping used was the most obvious one. The results 
point to a higher value of the conductivity at night than during 
the day, and to an almost constant value at night. This latter 
effect is more obvious if the individual observations be all plotted, 
when the variations are seen to be much greater and more irregu- 
lar during the day time. It would be interesting to secure more 
of these continuous observations. I have been informed that "wire- 
less" operators find a greater ionization at night than during the 
day, but do not know how accurate this statement is. 

II. Observations for the Detection of Radio-active Matter in 
the Atmosphere. 

The method of observing was to measure the activity of a cop- 
per wire which had been exposed to the air while charged to a 
high negative potential. A fine, bare copper wire was suspended 
from an insulator in the main, weather rigging to an electroscope 
on a gimbal stand amidships, and thence to the charging Zamboni 
pile. The potential of the wire was indicated by the electroscope. 

After being charged for a considerable time, usually about an 
hour, the wire was discharged, reeled up on a wire netting cylinder, 
and tested as quickly as possible for radio-activity. The testing ap- 
paratus was of the type used by Elster and Geitel, consisting of 
an Exner electroscope with a blackened discharging cylinder, the 
latter being surrounded by a cylindrical metal vessel which formed 
the ionizing chamber. The diameter of this vessel was 18 cm., and 
that of the discharging cylinder, 5 cm. The lid of the vessel could 
be removed for the insertion of the wire netting and collecting wire* 
The chamber would be practically free from air currents. Except 
on November 12th the length of the collecting wire was always 
7 meters. 

While the collecting wire was being exposed, the testing electro- 
scope was charged and the rate at which its potential fell noted, in 
order to measure the natural leak. The latter was almost invariably 
found to decrease with time, sometimes very regularly, and was 
generally nearly constant and small by the time the radio-activity 
test was begun. 
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After the wire was inserted, the electroscope deflections were 
read at frequent intervals and the fall of the potential with time 
thus obtained. The results were plotted on cross-section paper, the 
ordinates representing potentials, and the abscissae, times. A smooth 
curve was drawn through the points thus plotted, and from this 
smoothed curve an activity curve was drawn, the ordinate at any 
point of which was proportional to the gradient of the first curve 
at the time represented by the abscissa. The times were measured 
from the time of discharge of the wire. 

The small amount of the activity and the uncertainty of the 
observations rendered it impossible to observe the activity direct 
by the time taken by the electroscope leaves to fall from one fixed 
deflection to another. Sources of error were: 

(i.) The Zamboni pile used to charge the collecting wire often 
worked very poorly, so that the potential was not always high 
enough to collect the maximum amount of radio-active deposit, and 
it was sometimes difficult to determine when the charging began. 
In order to get any satisfactory results, the pile had to be warmed 
before use. The number of observations obtained was greatly re- 
duced owing to this difficulty. 

(2.) The natural leak of the electroscope was uncertain and 
variable. 

(3.) Owing to the small range of deflections available, the 
electroscope usually had to be recharged several times during an 
experiment. This necessitated the opening of the ionizing chamber 
and the admission of fresh air, which caused an increase in the con- 
ductivity of the air in the chamber for a few minutes. This re- 
charging also caused the curve of fall of potential to be con- 
structed in several parts which had to be joined together in the 
manner that best fitted in with their curvature, thereby introducing 
considerable uncertainty. The electroscope was not sufficiently 
sensitive for accurate observation. 

(4.) The continual rolling of the ship and consequent flapping 
and swinging of the electroscope leaves rendered the reading of the 
deflections extremely difficult and slow. The leaves had to be 
watched until a relatively quiet interval occurred, in which they 
appeared to be in their normal position, and the eye quickly trans- 
ferred from one to the other, the deflection being noted. The 
method of reading finally adopted was to take five closely consecu- 
tive readings and take the mean for the mean time. 
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(5.) As the electroscope was calibrated only once, before the 
beginning of the cruise, the accuracy of the calibration curve is un- 
certain. One of the aluminum leaves was damaged before the end- 
ing of the cruise, rendering a second calibration impossible. This 
inaccuracy would probably seriously affect only the absolute values 
of potential, and not the relative values. 

On days when a comparatively large quantity of deposit was 
collected and the conditions of observation were good, the curves 
obtained for the decay of the activity were fairly regular and sim- 
ilar in character. The deposit appears to be derived from radium 
emanation. Fig. 2 shows the curve obtained by taking the mean of 
six of the better curves. 




Pig. 2. Mean curve showing the decay of activity 
with time of the radioactive deposit collected from 
sea air, [The ordinates represent activities on an 
arbitrary scale.] 

The following Table II shows roughly the relative amounts of 
activity collected on different days. The activity is measured by 
the fall of potential in volts produced in the electroscope by the 
deposit in one hour, starting fifteen minutes after the discharge of 
the wire. The capacity of the electroscope was about 15 cm. 
5 
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Date 


I«ATITUDB 

N 


I«ONOITUDB 

W. OF Ga. 


TncBOP 


ACTIVITY 


Rbmakks 


1909 
Nov. 12 


48.'is 


10.0 


40 min. 


40 


Length of wire = 16 meters 


14 


46.5 


14.3 


100 " 


35 




30 


4a3 


17.9 


ihr. 


75 




33 


36.8 


16.5 


I " 


45 


Potential too low for maxi- 
mum effect 


Dec 1 


38.0 


19.0 


I " 


60 




3I.O 


32.0 


I " 


45 




II 


30.8 


374 


30 min. 


trace only 




4 


20.5 


43.0 


I hr. 


30 




18 


30.0 


48.0 


I " 


5-10 




30 


19.8 


49.5 


I " 


35 




23 


19.9 


51.5 


I " 


30 




36 


31.6 


54.8 


I " 


30 




29 


34.0 


59.3 


I " 


trace only 




1910 












Jan. I 


\n 


64.1 


5 " 


55 




4 


67.3 


10 " 


fs 




13 


Hamilton, Bermuda 


15 " 




May 14 


Washington, D. C. 


I " 


50 


In Ontario grounds, A. If. 


16 


Washington, D. C. 


I " 


23 


In Ontario grounds, P. M. 



On December 16, 1909, latitude 20® .0 N., longitude 45** .8 W., 
the wire was charged to a high positive potential for one hour, 
but no active matter appeared to have been collected. On Feb- 
ruary 9, 1910, latitude 37**. i N., longitude 70** .9 W., a fair amount 
of deposit was collected, but the electroscope had had a leaf dam- 
aged and replaced, so that the results are not strictly comparable 
with the previous ones. 

On January ist, 4th, and 12th, 1910, the charged wire was ex- 
posed for a long period, in order to detect if possible the pressure 
of thorium products in the atmosphere. On January ist, after five 
hours, there appeared to be still left on the wire about three per 
cent of the activity exhibited ten minutes after discharging. This 
effect, however, may have been due to an increase of the natural 
leakage which was liable to take place in the increased dampness 
after nightfall. Unfortunately no determination of the leakage was 
made at the close of this experiment. On the other two days no 
sign of activity could be detected after a few hours. On January 
1 2th the observations were taken in Hamilton Harbor, Bermuda, 
under good conditions, so that a very slight activity should have 
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been detected. The evidence thus points to the absence of any 
considerable quantity of thorium emanation in the air over the 
ocean. Bermuda being a collection of small coral islands in mid- 
ocean, the air over it is not likely to differ much from that over 
the sea in radio-active properties. More observations are needed 
to decide the question as to the presence or absence of thorium 
emanation. 

It will be noticed that on several days, when the vessel was very 
far from land, very little activity was collected ; particularly is this 
the case on December nth, 14th, and i8th. The region in which 
this happened was a very calm one, and the air had probably not 
been in contact with the land for many days. I am inclined to 
think, therefore, that the land is the chief source of the radio-active 
matter in sea air. This is what would be expected from deter- 
minations of the radium content of sea water. The fact that Dike 
in his observations on the "Galilee" in the Pacific could obtain no 
evidence of radio-activity except near land, also points to this con- 
clusion. The Pacific Ocean being of so much greater an extent 
than the Atlantic, there should be much larger tracts over which 
the air had lost any radio-activity got from the land. The absence 
of thorium emanation would tend to confirm this theory. 

It is easy to understand that the air in the North Atlantic be- 
tween Newfoundland and England may at times have all been over 
land surfaces within a week. This may account for the restilts 
obtained by Professor Eve in this region.* Observations comparing 
the amounts of radio-activity over land and ocean are badly wanted. 

I am indebted for assistance to Mr. D. F. Smith, the chief en- 
gineer of the "Carnegie," whose ingenuity was shown in the making 
of the necessary repairs and modifications of the apparatus with 
the limited means at his disposal and who took part in the observa- 
tions on December i8th and 19th. Mr. Peters, the Commander of 
the "Carnegie," allowed me to devote as much time as possible to 
the work, and otherwise facilitated it in every possible way. 

Carnegie Institution of Washington, 

Department of Terrestrial Magnetism. 

« A. S. EvK, Tcr. Mag., v. XIV, 1909, p. 25. 
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WESTMAN'S OBSERVATIONS ON THE AURORA BOREALIS.' 
Abstract by H. M. W. Edmonds. 

This volume on the Aurora Borealis forms part of the scientific work 
done in connection with the measurement of a meridian arc on Spits- 
bergen Island by the Swedish and Russian Governments in 1899 to 1902. 
The locality of observations was at the Bay of Treurenberg in latitude 
79**55'i N.. and longitude i6**si''.s east of Greenwich. The observations 
were to follow the methods of those of the Swedish expedition of 1882-3. 
Daily observations were obligatory at certain stated hours, and on every 
fifth day every quarter hour between 8 and 10 P. M. Greenwich mean 
time. The tabulations indicate the time, form, intensity, and position of 
the aurorae, and the amount of cloudiness of sky. Short notes indicate 
other points of interest, as movement. The greatest frequence of occur- 
rence was in the S. E. to S. portion of the sky. The principal direction 
of motion was towards the east. 

Several photographs of aurorae were taken, of which five are repro- 
duced in this volume. All but one of the plates used were specially 
sensitized to yellow light. The time of exposure ranged from i to 4 
minutes. 

Observations were taken with a spectrograph from Toepfer, Potsdam. 
This was used for both ocular and photographic work. The photo- 
graphic exposures were made in the open air in calm weather, the length 
of exposure varying from 30 seconds to 2 minutes. During this time 
the instrument was kept pointed at the brightest part of the aurora. 
One plate was exposed four separate evenings in a period of 8 days. 
Three principal spectroscope lines are shown on these plates, with many 
barely visible lines. The principal line does not appear on one plate, 
that was not specially sensitized. A discussion follows on the errors of 
measurement of the spectra lines, and the significance of the lines. 

1 Missions Scientifiquea pour la Meaure d'un Arc de Meridian au Spitzberflr. 
1899-1902, Vol. II, Section VIII E, Part C, Aurores Bor^ales, Observations et Mesures 
de TAurore Bor^ale faites en 1899 et en 1900 a la Baie de Treurenberg, Spitzberg par 
J. Westman. Stockholm, 1904. 



92 



Digitized by 



Google 



TIMES OF ABRUPTLY BEGINNING MAGNETIC DIS- 
TURBANCES, AS RECORDED AT THE COAST 
AND GEODETIC SURVEY MAGNETIC 
OBSERVATORIES.^ 

By R. L. Paris. 

With the hope that I may in some measure help you to a clearer 
view of what will be told you by the next speaker* in his discus- 
sion of the propagation of magnetic disturbances, I shall endeavor 
to briefly put before you a few of the salient features of magnetic 
storms and to summarize what has chiefly been done in reference 
to the particular phase of the subject under our title, and then to 
offer some new data showing the time element in the propagation 
of a magnetic storm. 

As far as I am aware no clearly fixed definition of a mag- 
netic storm has found universal acceptance or usage. It would ap- 
pear, however, that any irregular magnetic disturbance differing 
in any noticeable degree from the usual periodic or cyclic varia- 
tions may be termed a magnetic storm. With reference to their 
general features as shown by the photographic records, they may 
be divided into two general classes: (i) those in which the dis- 
turbance begins gradually, and (2) those in which the disturbance 
has a sudden or abrupt beginning. In the first-mentioned class it 
is generally possible to ascertain the time of beginning of the storm 
approximately only. In the second class the accuracy in ascertain- 
ing the time of beginning is generally dependent upon the accuracy 
with which the time scale of the record can be mechanically meas- 
ured. Either of these classes of storms may be of any of the de- 
grees of magnitude or intensity, but the sudden beginnings are gen- 
erally of moderate intensity. 

A magnetic storm may occur at any time, though as regards 
their frequency, it appears from Ellis's comparison of fifty years 
of Greenwich observations'* that there is a well-marked periodicity 
in frequency of magnetic disturbances in those latitudes, correspond- 
ing both to a seasonal and sun-spot period. 

I Read before the Philosophical Society of Washington, April 9, 1910, and pub- 
lished by permission of the Superintendent of the Coast and Geodetic Survey. 

*I«. A. Bauer "On the Analysis and the Propagation of Magnetic Dis- 
turbances.'* 

> Monthly Notices R. A. S., vol. 60, pp. 143-157 ; also vol. 64, pp. 338-336. 
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Not all magnetic disturbances are of a universal character.* 
It sometimes happens that there are two abrupt impulses in a mag- 
netic storm, the two being separated by several hours of moderate ' 
disturbance, the second impulse being always of much greater in- 
tensity than the first. 

Magnetic storms have been systematically studied and discussed 
by various investigators ever since the records from the first per- 
manently established magnetic observatories became available, now 
about seventy years ago. 

The uniformity in the time of beginning of a magnetic storm 
at diflFerent places does not appear to have received much attention 
until about thirty years ago, when their comparative study was sys- 
tematically undertaken by investigators, notably among whom at 
that time may be mentioned Adams and Ellis. 

Professor W. G. Adams, in discussion of his comparison of dec- 
lination curves of some magnetic storms recorded at Kew, Stony- 
hurst, Q)imbra, Lisbon, \"ienna, and St. Petersburg, in 1879 (Brit, 
Association Kept, 1880, pp. 201-209), speaking of the storm of 
March 3, 1879, says, "The forms and periods of the successive agi- 
tations in a disturbance are the same at all of the stations." Again, 
concerning the storm of August 11, 1880, as recorded at Kew, St. 
Petersburg, Vienna, Lisbon, Bombay, Zikawei, Melbourne, Mau- 
ritius, and Toronto, Adams states (B. A, Report, 1881, p. 463- 
p. 474) : "The beginning of the first storm is marked at all stations 
by a sudden considerable increase in horizontal force. The storm 
begins at the same instant in Europe, Asia, and America, in high 
northern and southern latitudes and also near the equator at Bom- 
bay, and everywhere in precisely the same way."^ An inspection 
of the curves of this storm accompanying Adams's paper shows 
there is actually as much as five minutes' difference in the times 
of the beginning of the storm at the different stations. In 1880 
Ellis* compared the records of this same storm at Greenwich and 

^ Compare reports of *' Magnetic Character of Days/' from 41 magnetic obsenra- 
toriea, published quarterly by direction of the International Committee on Terrea- 
trial Magnetism. 

' The magnetic storm of February 2, 1905, as recorded at Porto Rico and Hono- 
lulu is a splendid example of identical oscillations at the two stations lasting for 
several hours, but in which there is a constant time difference of about two minutes, 
the various oscillations occurring about two minutes earlier at Porto Rico than at 
Honolulu. 

« Nature, vol. 23, p. 33. 
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Zi-ka-wei, and says, "The general result of this comparison of Green- 
wich and Zikawei appears to be after a quiet period, the first indi- 
cations of disturbance, if sudden (and it need not be large), oc- 
cur simultaneously, or nearly so, at both places." 

As far as I have been able to ascertain in all of the investi- 
gations of magnetic storms that have appeared up to the begin- 
ning of this year, it has been believed that the sudden beginnings 
were simultaneous, or so nearly so, that the lack of simultaneity 
was attributed to the time scale of the curves being too small for 
sufficiently accurate time measurements, though Ellis, and van 
Bemmelen, who is the last to study this feature of magnetic storms, 
both express the possibility that these sudden beginnings of mag- 
netic storms may not be simultaneous over the whole earth. Birke- 
land' also observes in this connection, in speaking of the storm of 
January 26, 1903, where he has tabulated the times of beginning 
of the storms at seventeen observatories, the slight differences in 
the times of beginnings at different observatories, and which he 
thought best to attribute to "inaccuracies in the statement of the 
time," and remarks that this question, "which is of great impor- 
tance, cannot be definitely decided until we are in possession of 
rapid registerings, as usual of twelve times the rapidity of the 
daily registerings." 

Ellis has made the most thorough investigation that has so 
far appeared of the simultaneity of the beginnings of magnetic 
storms.* In this investigation he discusses seventeen selected cases 
of magnetic storms with abrupt beginnings as recorded at eight dif- 
ferent observatories : Toronto, Greenwich, Pavlovsk, Mauritius, 
Bombay, Batavia, Zi-ka-wei, and Melbourne, during the period from 
April 16, 1882, to July 17, 1889. The mean of the times of the 
three elements is used. The beginnings were generally described 
as abrupt, and all components, where given, were simultaneously 
affected. In all of these seventeen cases at Greenwich the disturb- 
ance was accompanied by active earth-currents, the beginning of 
which were found to slightly precede the magnetic disturbance 
and were definite in direction as regards increase or decrease of 
the magnetic elements. The tabulation of the "mean deviation," 
as Ellis terms it, of time at each station from the general mean 
showed differences of from +2^.4 to — 2^S). Ellis believed these 

7 The Norweg:ian Aurora Polaris Expedition, 1902-1903, p. 63. 
• Proc. Roy. Soc., v. J2, pp. 191-212. 
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differences to be due either to systematic error in the time at in- 
dividual stations or to a real difference in the magnetic impulse. 
It occurred to him that there might be variations of the values of 
the time deviation from the general mean with reference to lati- 
tude or longitude. When the times were arranged in accordance 
with the longitudes of the stations, it appeared that there was tend- 
ency of occurrence at the westerly group of stations which was 
earlier than the average of all stations, and at the easterly group 
later than the general mean. But, as some of Ellis's time data 
were given only to the nearest five minutes, the diflFerences which 
he thus noted did not appear to him to warrant the assumption 
that such variation in time really existed. 

When he grouped the stations in accordance with the magnetic 
dip it was seen that there was a tendency for the occurrence at a 
station to be earlier than the mean for northerly dip, and later 
than the average for southerly dip. It appeared to him that a 
variation in time of occurrence with latitude better admitted of 
physical explanation than a variation with longitude. His general 
conclusion from a study of his data was that the sudden begin- 
ning that ushers in some magnetic storms "would seem really to 
occur at the same instant of time, or nearly so, over the whole 
earth," and that in these sudden impulses that there is a local simi- 
larity in the variations of the magnetic elements. Yet, owing to 
the lack of sufficient accuracy in the time scalings, he felt that 
his data were not sufficient to permit a definite conclusion as to 
the simultaneity of the beginning impulse of magnetic storms. He 
considered the simultaneity of magnetic storms of such importance 
as to express the desire to have a larger number of places dis- 
cussed, so as to more conclusively determine this question, which, 
he stated, if established would be "a striking physical fact." 

While Ellis may be said to have studied the question quanti- 
tatively, van Bemmelen has later discussed these sudden starting 
impulses qualitatively, giving especial attention to the direction of 
the initial movements of the three magnetic elements. 

In 1907 Dr. van Bemmelen published a paper* in which he 
discussed 1,150 magnetic disturbances recorded at the Batavia ob- 
servatory, and in which he states that "it is a known fact that the 
starting impulse is felt simultaneously all over the earth.'' He finds 
in his list fifty-three cases of the times of corresponding impulses 

• List of Magnetic Disturbances recorded at Batavia observatory, 1880-1889. 
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at Batavia and Greenwich, from the weighted mean of which he 
deduces the difference of longitude of the two observatories, which 
agrees within nine (9) seconds of the known difference of the 
longitude of the two places, and he remarks, "to derive the differ- 
ence of longitude with an error of nine (9) seconds*" only, from 
53 cases measured roughly to o.i hour, points indeed to nearly 
perfect simultaneity." In his paper on **The Starting Impulses of 
Magnetic Disturbances,"" in considering 131 cases of magnetic dis- 
turbance at Batavia between 1882 and 1899, he found that the di- 
rection of the initial movement in H always positive, in D was 
west with a few exceptions, and in Z, negative. A small per cent 
of the cases of D and Z were introduced by a slight opposite move- 
ment from that just stated. Twenty-nine storms recorded at the 
Buitenzorg observatory in 1906-1907 were measured, and from these 
cases van Bemmelen noted that in most of them it was quite evi- 
dent that the movements in the three elements did ''not always be- 
gin at the same moment/' 

In considering the initial movements at a number of observa- 
tories around the world, van Bemmelen states, "so it seems that 
the constancy in the appearance of a definite sense of movement 
decreases with the geographical latitude, and that it is furthermore 
for H the greatest and for D the smallest, moreover, for H al- 
ways with a positive sense of movement." van Bemmelen also 
notes the similarity in the curves for places near each other that 
Ellis had observed some fifteen years before. 

It appears from the foregoing review that in all of the in- 
vestigations hitherto made, that, while there was a great tendency 
to believe that the abrupt beginnings of magnetic storms were si- 
multaneous over the earth, yet there is a reservation in the decision 
of the matter owing to the idea that the time scales of the mag- 

10 Sttch a smaU error has come about from tbe fact that a mean has been taken 
for a large number (53) of cases. The actual difference in the time of beginning be- 
tween Greenwich and Batavia may sometimes be positive and sometimes negative, 
depending entirely upon the direction in which the disturbance progressed. {C/. 
Terr. Mag.^ v. 15, p. 19). Hence the mean difference may be considerably less than 
any individual one. As a matter of fact, the results for longitude from the separate 
groupings, as made by van Bemmelen himself, differ considerably from each other. 
Thus he finds from 6 cases 7»» o«n 

10 cases 7 12 

28 cases 7 06 

Weijfhted Mean, 7»» 07" 28« 

True difference in longitude, 7 07 ^9 

^1 Proc. Koninklijke Akademie van Wettenschfpen, Te Amsterdam, 1908. 
6 
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netic records were too small to measure with certainty such small 
intervals of time as seemed to be involved in the lack of simul- 
taneity that appeared. 

Recently, however, at a meeting of the Washington Academy 
of Sciences, held February 17th last, Dr. Bauer announced that 
the time of beginning of the abrupt magnetic disturbance which 
occurred coincidently, as closely as can be determined, with the de- 
structive eruption of Mont Pele on May 8, 1902, was not quite the 
same at all stations around the globe. He found that, starting 
with European stations, the times of beginning increased systemat- 
ically, going around the Earth eastwardly — ^the complete circuit 
taking about 3.5 minutes. The thought naturally arose in his mind 
whether this particular disturbance was unique in this respect. 
Looking over the researches of Ellis and Birkeland, he found that 
other abruptly beginning magnetic disturbances did not take place 
simultaneously over the whole Earth; the time interval for a com- 
plete circuit of the Earth, as will be seen from his article in March, 
1910, issue of the journal Terrestrial Magnetism and Atmospheric 
Electricity, was on the same order as before, viz.= 3.5 to 4.0 minutes. 

Dr. Bauer desiring further confirmation, I made, at his request, 
a new and independent examination of the question as to the si- 
multaneity of sudden magnetic disturbances, based this time 
solely upon the data of the five magnetic observatories of the Coast 
and Geodetic Survey, for which time scalings could be well con- 
trolled. I have accordingly made a comparison of fifteen cases of 
the abrupt beginnings of magnetic storms recorded at the said ob- 
servatories, the actual times of the initial impulses in each of the 
magnetic elements, declination, horizontal intensity, and vertical in- 
tensity, with as great accuracy as the necessarily mechanical meth- 
ods permitted. The storms selected occurred during the period 
from July, 1906, to September, 1909, including the exceptionally 
severe storm of September 25th, last. 

The time scales of the magnetograms are all approximately 
20 mm. per hour, thus being three minutes of time per millimeter. 
The photographic traces are all marked with distance marks be- 
fore being developed and fixed, so that on the finished records the 
correction for shrinkage of the traces can be made in scaling the 
ordinates when making the numerical tabulations. The recording 
apparatus is arranged to automatically mark on the records inter- 
vals of one hour. A record is kept of the error of the recording 
clock, which is compared with the station chronometer, whose er- 
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rors are known certainly to one-tenth minute from time observa- 
tions made for the purpose. 

It would thus appear that with especial care the times could 
be scaled from the magnetic records with an accuracy within one- 
half minute in any individual case. When this is done (see Table I), 
for the fifteen cases recorded at the C. & G. Survey magnetic ob- 
servatories, which cover a quarter of the globe in longitude and, 



CHELTVNMAM 

JUL 2SI906 




JUL. 29 1906 
2 ' 2 ^M7 



Fig. 1. — Magnetogram (9/20 of original size) exhibiting character of sad- 
den beginning of a magnetic storm : a, b, and c show, respectively, the sad- 
den beginning on the D (Decl'n), H (Hor. Int), and Z (Ver. Int) carves. 

in round numbers, 40° in latitude in the Northern Hemisphere, it 
is seen that there are differences in time in the beginnings of the 
storms that are too great to be attributed solely to inaccuracies of 
time determined in the way above described. If the times at neigh- 
boring stations are combined to mean values, thus eliminating in 
a measure outstanding inaccuracies in the time measurements, it is 
still seen that there is a persistent difference between the station 
groups ; thus the average numerical difference of the mean of Porto 
Rico and Cheltenham from the mean of Sitka and Honolulu for 
the fifteen cases is 1.8 minutes, which is more than three times the 



Digitized by 



Google 



lOO 



R, L, PARIS 



(VOL. XV. No. 2j 



time interval that can be measured with reasonable certainty. This 
difference of 1.8 minutes cannot be taken as representing the time 
of the propagation of the storm from the one group of stations to 
the other, inasmuch as in deriving this average numerical time 
difference account was not taken of the sig^s of the individual dif- 
ferences, or, in other words, no regard was had for the place of 
origin of the several storms, nor of their direction of propagation. 
In the table D stands for the magnetic declination, H for the hori- 
zontal intensity, and Z for the vertical intensity. The times are 
counted continuously from midnight (o**) to midnight (24**). 

Geographic Positions of the United States Coast and Geodetic Survey 
Magnetic Observatories for t^ot-og. 



NAMB 


PLACB 


LaUtade 
North 


Longitude 
W. of Gr. 


AlUtade 
meters 






/ 


/ 




Cheltenham, . . 


Cheltenham, Maryland, 


3844.0 


76 50.5 


72 


Baldwin, .... 


Baldwin, Kansas, . . . 


38 47.0 


95 10.0 


335 


Sitka, 


Sitka, Alaska, 


5703.0 


135 2a2 


15 


Honolnln, . . . 


Ewa, Oahn Island, . . . 


21 19.2 


15803.9 


15 


Porto Rico, . . . 


Vieques, Porto Rico, . 


iSoas 


65 26.9 


20 



If, now, the times of the H element given in Table I are grouped 
into two groups by combining Porto Rico, Cheltenham, and Bald- 
win into one group, and Sitka and Honolulu into the second group, 
the average times of the groups will be much less affected by the 
errors of the time determinations than the individual values at any 
single station. In Table II is given the average times of the be- 
ginning of the H element for the two groups; also the direction 
of the movement of the storm (i. e,, whether westerly or easterly), 
the time interval, the corresponding portion of the arc of the great 
circle (equatorial), and in the last column but one, the correspond- 
ing time required for the storm to encircle the globe. 

The direction of propagation of the disturbances in each case 
was ascertained by careful consideration of the absolute times for 
all three elements {D, H, and Z) contained in Table I; in some 
instances three groups could be formed of the times. The direc- 
tion as finally given in the following tables are those resulting from 
a combined consideration of all three elements; it seemed reason- 
able to suppose that the direction of propagation of the storm 
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Table L^Greenwich Mean Civil Times of Sudden Begxnmngs of Magnetic 

Storms, igod-og. 



No. 



Dmte. 



Ibfiftk 



Porto 
Rico 



Chelten- 
ham 



Baldwin 



Sitka 



Honolulu 



Remarks^ 



lO 



12 



13 



14 



15 



1906 
July 29 

Aug. 7 
Dec. 21 



1907 
Feb. 7 



July 10 



Oct 13 



1908 
Mch.26 



Aug. 19 
Sept. 1 1 
Sept II 
Sept28 
Sept29 
May 14 
;Sept25 
Scpt25 



D 
H 
Z 

D 
H 
Z 

D 
H 
Z 

D 
H 
Z 

D 
H 
Z 

D 
H 
Z 

D 
H 
Z 

D 
H 
Z 

D 

H 
Z 

D 
H 
Z 

D 
H 
Z 

D 
H 
Z 

D 
H 
Z 

D 
H 
Z 

D 
H 
Z 



h m 
19 58.1 

13 37.2 



21 34.5 

34-5 
33.9 

14 14-3 
14.6 

14 24.4 
24.7 
25.6 

7 45.4 
42.4 

44.5 

17 40.5 
39-4 
43.8 

lO.O 

14.2 
16.0 

7 21.7 
20.8 
23.2 

21 49.2 
48.0 
50.7 

8 4i.7 
41.5 
44.2 

1 34.0 
31.9 
34.3 

4 56.4 
54.3 
58.4 

8 39.8 

37.7 
38.6 

II 39.8 
39.8 
41.0 



h m 
19 56.0 

13 39-3 
39.9 



21 31.1 
32.0 
35.3 

14 14.0 

13-4 
16.4 

14 23.6 
24.2 
254 

7 42.3 
44.1 
47.7 

17 42.6 

(?) 40.2 

44.1 

o 15.0 
144 



7 21.0 
20.9 
23.1 

21 46.4 
46.7 
49.1 

843.0 
43-6 
46.0 

I 34.3 
33.4 
34.3 

4 57.2 
57.2 
58.3 

841.5 
40.9 



II 42.1 
43-3 
45.1 



h m 
19 54.4 
54.4 
55.6 

13 39.3 
38.7 
42.3 

21 33.1 
32.5 
35.5 

14 15.2 

14.3 
18.2 

14 24.4 
22.6 
25.0 

741.8 

43-6 



17.... 
42.0 
45.8 

o 14.0 
14.0 



7 20.3 
20.7 
23.7 

21 44.5 
48.1 
49.6 

841.5 
41.2 



I 31.4 
31.4 
33.2 

4 57.7 
56.8 
60.7 

839.3 
38.7 
42.3 

II 40.8 
41.1 
41.1 



h m 
19 55.4 
554 
58.4 

13 38.6 
37-1 
38.6 

21 29.3 
26.9 
30.2 

14 12.3 
1 1.4 
12.9 

14 22.5 
22.2 
24.6 

7 40.2 
40.2 
42.6 



o 14.9 
14.6 
16.4 

7 22.2 
20.2 
22.9 

21 47.8 
47.5 
48.7 

842.5 
41.3 
45.5 



4 58.0 
53-7 
60.7 

8 40.3 
39-5 
42.2 

II 42.2 
39.8 



h m 
19 54.9 
54.9 
54.0 

13 39.9 
37.8 
39.0 

21 30.3 
27.3 
29.1 

14 10.4 
1 1.9 
16.4 

14 21.8 

20.9 

25.8 

741.8 
41.5 
45.7 

17 42.4 
42.3 
45.9 

14.7 

14.7 

18.7 

7 22.1 
21.5 
24.5 

21 45.4 
46.9 
48.1 

8 42.1 

42.4 
42.9 

1 30.9 
30.0 

31.5 

4 54.0 
53.1 
56.4 

842.7 
42.7 



II 46.3 
45.4 
49.0 



(a) 
(a) 
(a) 
(b) 
(a) 
(a) 
(b) 
(a) 
(a) 
(b) 
(a) 
(b) 
(a) 
(a) 
(b) 



* {a) refers to sudden begrinning of preliminary disturbance. 
{b) refers to sudden beginning of violent disturbance. 
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should be the same for all three elements. It is quite possible, how- 
ever, that, had we the times for stations encircling the globe, the 
direction might be different from that assigned. And it may even 
occur that a particular disturbance traveled over the Earth in a 
much more complex manner than here supposed. Our purpose is 
simply to find the average rate of progression of magnetic disturb- 
ances over the portion of the globe embraced by the five Coast and 
Geodetic Survey Magnetic Observatories. 









TabU II,-(H Element.) 




Na 


Group I 


Group II 


MfMlIn 


TbM 
iBtarral 


AnpuHd 


llMfcr 
360= 


Remarks. . . 




h m 


b m 




m 





m 




I 


19 56.8 


19 55.2 


E 


1.6 


68 


8.5 




2 


13 38.6 


13 374 


W 


1.2 


292 


1.5 




3 


21 32.9 


21 27.1 


W 


S« 


292 


7.2 




4 


14 13.5 


14 1 1.6 


W 


1.9 


^ 


.?:! 




5 


14 238 


14 21.6 


E 


2.2 


68 




6 


7 43.4 


7i2*^ 


W 


2.6 


292 


3.2 




7 


17 40.5 


17 42.3 


E 


1.8 


292 


2.2 


S, missing. 


8 


14.2 


14.6 


W 


0.4 


68 


2.1 




9 


7 20.8 


7 2#.8» 


W 


ao5 


68 


0.3 




lO 


21 47.6 


21 47.2 


E 


0.4 


68 


2.1 




II 


8 42.1 


841.8 


E 


0-3 


68 


1.6 




12 


I 32.2 


I Z%.% 


W 


2.2 


281 


2.8 


S, missing. 


13 


4 56.1 


4 534 


W 


2.7 


292 


3-3 




14 


839.1 


8 41.1 


E 


2.0 


292 


2.5 




15 


II 41.4 


II 42.6 


E 


1.2 


292 


1.5 






Mean, .... 


m 
3.5 











Table IIL-(D Element) 




No. 


Group I 


Group II 


ftiTMtiOll 


Iittrral 


iropMMd 


TbMftr 
360O 


Remarks. 




h m 


h m 




m 





m 




I 


'9 5? 


19 55.1 


E 


ai 


61 


0.6 


P. R., missing. 


2 


13 39.3 


13 39.2 


W 


0.1 


299 


O.I 


It (t 


3 


21 32.5 


21 29.8 


W 


2.7 


292 


tJ 




4 


14 14.5 


14 1 1.4 


W 


3.1 


292 




5 


14 24.1 


14 22.2 


E 


1.9 


68 


lO.O 




6 


7 43.2 


7 41.0 


W 


2.2 


292 


2.7 




7 


17 41.6 


17 42.4 


E 


0.8 


"11 


I.I 


B. Sc S., missing. 


8 


13.0 


14.8 


W 


1.8 


n 




9 


7 21.0 


7 22.2 


W 


1.2 


68 




10 


21 46.7 


21 46.6 


E 


O.I 


68 


0.5 




II 


8 42.4 


842.3 


E 


ai 


68 


0.5 




12 


I 33-2 


I 3«.9 


W 


2.3 


281 


2.9 


S, missing. 


13 


4 57.1 


4 56.0 


W 


I.I 


292 


1.4 




14 


8 4C.2 


841.5 


E 


1.3 


292 


1.6 




15 


II 40.2 


11 44-2 


E 


4.0 


292 


4.9 






Mean, 


. . . . 


m 
3-3 
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No. 


Group I 


Group II 


UrMtioB 


TiM 

iBtorTftl 


impMMd 
onr 


TiBtfor 
360*' 


Remarks. 




h m 


h m 




m 





m 




I 


19 56.8 


19 56.2 


B 


0.6 


86 


2.5 


P. R., missing. 


2 


13 42.3 


13 38-8 


W 


35 


308 


4.1 


P. R & Ch. missing. 


3 


21 34.9 


21 29.6 


W 


f:i 


292 


6.6 




4 


14 16.4 


14 14.6 


W 


292 


2.2 




5 


14 25.3 


14 25.2 


E 


0.1 


68 


05 




6 


7 46.1 


7 44.2 


W 


1-9 


284 


2.4 


B., missing. 


7 


17 44-6 


17 45.9 


E 


1.3 


28 ( 


1-7 


S., missing. 


8 


16.9 


17.6 


W 


1.6 


82 


7.0 


Ch. & B., missing. 


9 


7 23.3 
21 49.8 


7 23.7 
21 48.4 


w 


04 


68 


2.1 




10 


E 


1.4 


68 


7.4 






8 45.1 


8 44.2 


E 


0.9 


t 


4.0 


B.) missing. 




I 33-9 


^ 5i-5 


W 


2,4 


281 


3-1 


S., missing. 




4 59.1 


458.6 


w 


05 


292 


0.6 






8 40.4 


8 42.2 


E 


1.8 


305 


2.1 


Ch. & H.. missing. 




II 42.4 


II 49.0 


E 


6.6 


281 


8.4 


S., missing. 




Mean, .... 


m 
3-6 





Table III is similar to Table II, except that the times of the 
D element for the two groups are given. 

Table IV is similar to II and III, and contains the grouping 
of the times for the Z element. 

In the column of remarks in Tables II, III, and IV the letters 
"Ch.," "B," etc., indicate the magnetic observatories mentioned in 
Table I. 

From the foregoing tables the average time required if the 
magnetic impulse encircled the globe, for the fifteen cases consid- 
ered, is 3.5 minutes as obtained from the H element, 3.3 minutes 
as derived from the D element, and 3.6 minutes as given by the 
Z element ; the mean of all three elements being 3.5 minutes, or the 
same as given by the H component. This value is about the same 
as that recently found by Dr. L. A. Bauer for the transmission 
time of the Mt. Pele disturbance of May 8, 1902, and also in his 
discussion of the magnetic disturbance of January 26, 1903.*^ It 
can therefore be stated that the evidence here presented from care- 
ful time scalings of a number of abruptly Beginning magnetic 
storms, at stations covering one quarter of the circumference of 
the Earth, confirms what others have mentioned as probable from 
the indications of their data, and what Dr. Bauer has stated in 
the above mentioned paper, that magnetic storms do not begin at 
the same instant all over the Earth. And so it would seem that 

^Terr. Mag., v. XV, pp. 9, 21. 
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the impression of the simultaneity of magnetic storms, hitherto gen- 
erally held, may now be stated as not proven, thus introducing a 
new viewpoint in the discussion and analysis of magnetic storms. 
One other point is strikingly evident from an inspection of 
Table I, which is the lack of simultaneity in the times of the three 
elements, D, H, and Z, at the same station," the vertical intensity 
being noticeably later than either declination or horizontal intensity, 
being also systematically later at all of the stations. The beginning 
of the disturbance in the declination lags in general slightly behind 
the horizontal intensity, so that there is an appearance of a direct 
relation between the relative times of beginning, and the relative 
sensitiveness of the three magnetic elements, to magnetic disturb- 
ance. The following table (V) shows the mean relative difference 
in the time of the beginning of the magnetic disturbance as re- 
corded on the D, H, and Z instruments in the fifteen cases con- 
sidered in this paper. The table shows that D lags behind //, 0.4 
minute, and that Z began on the average 2.3 minutes after H, or 
1.9 minutes later than D, 

Table V, 



No. 


D 


H 


Z 


D-H 


Z-H 


Z-D 




m 


m 


m 


m 


m 


m 


I 


55.2 


56.1 


56.5 


--0.9 


tt 


+1.3 


2 


39.3 


38.1 


40.0 


+1.2 


-fo.? 


3 


31.7 


30.0 


32.8 


H-i.i 


+2.a 


4-I.I 


4 


13.2 


12.8 


15.7 


-ho.4 


+3.9 


-f».s 


5 


233 


22.9 


25.3 


+0.4 


+ 2.4 


+2.0 


6 


41.8 


42.4 


451 


—0.1 


+*.7 


+2.8 


7 


41.0 


44.9 


-fo.8 


+3-9 


+3- 1 


8 


13.7 


14.4 


17.0 


-0.7 


+2.6 


+3-3 


9 


21.5 


20.8 


23.5 


+0.7 


+'•2 


+2.0 


10 


46.7 


47.4 


49.2 


-0.7 


+1.8 


+ a.5 


II 


42.4 


42.0 


44.6 


+0.4 


+2.6 


+2.2 


12 


32.6 


31.6 




+ 1.0 


+ 1-7 


+0.7 


13 


56.7 


550 


4-1.7 


+3-9 


+2.2 


M 


40.7 


39-9 


41.0 


-fo.8 


+ 1.1 


t?:i 


15 


42.2 


41.9 


44.0 


+0.3 


+a.i 




Means, . . . 


+0.4 


+J.3 


+ "•9 



In the above table, columns 2, 3, and 4 contain the mean of the 
times of beginning at all of the stations. 

IS In looking over the literature of the subject subsequent to making the tabu- 
lations it was noted that van Bemmelen had observed a similar fact at the Buitenzorg 
station in 1906-07. See "Starting impulses of magnetic disturbances: W. van Bem- 
melen in Proc. Roy. Acad. Sci. Amsterdam, 1908. 
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Table I contains three storms in which there were two abrupt 
beginnings, a feature of some magnetic storms which was also 
noted some two years ago by van Bemmelen.^* The average time 
interval, both in declination and horizontal intensity, between the 
two abrupt beginnings at the five stations, is in general the same 
within about the limits of an individual measurement. That is, if 
at any station the first impulse in the horizontal intensity precedes 
the first impulse in vertical intensity by a certain number of min- 
utes, so the same time relation will practically be found as regards 
the times of beginnings of these magnetic elements in the second 
impulse. This relation would seem to be independent of the in- 
tensity of the magnetic disturbance, as in the two cases just cited, 
the storm of September 11, 1908, was a moderate disturbance, while 
that of September 25, 1909, was of the very largest magnitude. 
This constant time relation between the corresponding elements is 
an additional and independent test of the degree of accuracy of 
the time scalings upon which the foregoing conclusion of the non- 
simultaneity of magnetic storms depends. 

In closing, it seems proper to state that the scaling of the times 
of the beginnings of sudden impulses is not so difficult a matter 
as it is to ascertain the exact correspondences in the curves at dif- 
ferent stations, for the form of the photographic record of the 
starting impulse is not always exactly the same at different places ; 
that is to say, the fixing of the exact point of the beginning of 
the disturbance is sometimes more difficult than the reading of the 
time after the point is decided upon. This difficulty arises chiefly 
from the fact that the magnetic traces, except in tropical latitudes, 
are much of the time not smooth curves. 

1^ Starting impulses of magnetic disturbances : W. van Bemmelen in Proc. 
Roy. Acad. Sci. Amsterdam, 1908. 
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PRINCIPAL MAGNETIC STORMS RECORDED AT THE M 
CHELTENHAM MAGNETIC OBSERVATORY 

January i to March 31, 191a 
A m 

Latitude, 38® 44.^0; Longitude, 76® sa's or 5 074 west of Greenwich, 



GREENWICH MEAN TIME 




RANGE 




Beginning 


Ending 


D 
(DeclinaUon) 


H 
(Hor'llnt.) 


z 

(Ver'l Int.) 


D»y h m 


Day h 


t 


y. 


y. 


Jan. 17. 2 34 


Tan. 19, II 
Jan. 37, 12 


2a3 


116 


36 


Jan. 21. 17 24 


25.6 


% 


\l 


Feb. 14, 9 51 


Feb. 15, I 


12.3 


Feb. 17, I 02 


Feb. i8» 17 


17.1 


86 


39 


Feb. 20, 10 14 


Feb. 22, I 


19.2 


107 


46 


Feb. 24» 10 19 


Feb. 26, 12 


13.6 


81 


63 


Mar. 4. 17 56 


Mar. 7, 10 


17.0 


S 


41 


Mar. 13. II 07 


Mar. 17. 5 


15.7 


29 


Mar. 19, 20 05 
Mar. 26, 18 58 


Mar. 22, 13 


26.3 


79 


53 


Mar. 29, 13 


56.1 


X 


333 


Mar. 30. 15 43 


Apr. 3, 9 


35.2 


100 


0. H. TiTTMANN. Superintendeni, 




J. E. BURBANK, 


Coast and Geoi 


ietic Survey, 




Odserver-in 


X'Charge, 



MEETING OF THE INTERNATIONAL COMMISSION ON TER- 
RESTRIAL MAGNETISM AND ATMOSPHERIC 
ELECTRICITY 

As the Journal is passing through the press, notice is received of a 
meeting of this Commission at Berlin, on Sept 23, 19 10, the Inter- 
national Meteorological Committee convening in the same city on Sept. 
26. It is proposed to devote the time from Sept 23 to 25 to discussion 
of the various questions and topics coming before the Commission and 
to visit the magnetic observatories at Potsdam and Seddin. Matters to 
be submitted to the Commission must be in the hands of the Secretary 
(Dr. Adolf Schmidt, Potsdam), before the end of July to appear on the 
final program. 

1 Spot of light passed off bottom of sheet by a small amount. Actual minimum 
value unknown. Range slightly larger than value given. 
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THE PHYSICAL THEORY OF THE EARTH'S MAGNETIC 
AND ELECTRIC PHENOMENA^— No. i. 

By L. a. Bauer. 
a Foreword. 
b The Ionic Theory of Magnetic Disturbances. 

a. FOREWORD. 

I. During the past two decades I have familiarized myself with 
the literature on our subject. I have been engaged for the same 
period almost continuously in various magnetic investigations, hav- 
ing for their prime object the getting together of the actual physical 
facts underlying the Earth's magnetic and electric phenomena. Thus 
arose, for example, the series of papers in this Journal entitled 
*'The Physical Decomposition of the Earth's Permanent Magnetic 
Field", of which No. I appeared in the issue of March, 1899, and 
the last, No. V, in the December, 1904, number. Since there will 
be occasion to refer repeatedly to those papers, they will be desig- 
nated P D I, P D II, etc., or P D la. P D lb, as the case may be, 
according to the "List of Abbreviations" given later. 

It soon became apparent that "some of the phenomena of 
the so-called 'permanent' or 'quasi-permanent' magnetic field of the 
Earth are so closely interwoven with those of the fields of force 
causing the periodic and the a-periodic variations of the Earth's 
magnetism, that it might be more appropriate to drop the word 
'permanent' in the title and speak instead of 'The Physical De- 
composition of the Earth's Magnetic Fields' " — I quote this from 
the "Introductory Note" to P D No. IV. And so the secular varia- 
tion, possible effects from vertical earth-air electric currents, diurnal 
variation phenomena naturally received more or less attention in 

> Based on the following incompletely published addresses and papers : The 
Mont Pel6 Bruption and the Magnetic Disturbance of May 8, 190a, Washington 
Academy of Sciences, Feb. 17, 1910 ; On the Analysis and the Propagation of Mag- 
netic Disturbances, Philosophical Society of Washington, Apr. 9, 1910 ; Solar Activity 
and Terrestrial Magnetic Disturbances, American Philosophical Society, Philadel- 
phia, Apr. 33, 1910 ; and the following four lectures delivered before the post-graduate 
students in physics and geology of the Johns Hopkins University, Baltimore, Apr. 
35-39, 1910, viz.: The Chief Pacts of the Earth's Magnetic Changes (Regular Varia- 
tions and Magnetic Storms); The Ionic Theory of the Earth's Magnetic Disturb- 
ances; The Earth's Magnetic Permeability and General Theory of Magnetic 
Variations; Relation between Terrestrial Magnetism, Solar Activity, Atmospherip 
Electricity, Radioactivity, Meteorology, and Geology. 
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connection with the decomposition of the permanent or primary 
magnetic field into component parts physically interpretable. 

2. I have repeatedly emphasized in various addresses the fact 
that just as the great doctrine of evolution was the result of a 
persistent and searching study of the causes of mutations of bio- 
logical phenomena, just so it could not be expected that we should 
ever be able to solve the problem as to the origin of terrestrial 
magnetism until we had found out "what causes the Earth's mag- 
netism to vary. 

Instead, therefore, of continuing the foregoing series of papers, 
I have decided, for the reasons stated, to begin afresh and select 
a more comprehensive title, thus permitting the treatment under 
one head of problems pertaining either to the Earth's magnetic and 
electric state prevailing at any given moment or to the changes 
undergone during a stated interval of time. There will be a dis- 
tinct advantage in this course of procedure for, as I have already 
announced on p. 22 of the last issue of the Journal, the momentary 
magnetic distribution and the magnetic mutations appear to follow 
very similar laws and, hence, if not directly connected as cause 
and effect, are doubtless effects of the same causes. I there 
put this relation in the following tentative form: "Alterations in 
the Earth's magnetic condition, whatever their nature or origin 
may be, appear to be distributed over the globe according to a law 
profoundly dependent upon that governing the distribution of the 
Earth's own primary magnetic forces." 

As well known, I have also been actively engaged since 1896 
in observational magnetic work, starting with the magnetic survey 
of Maryland (1896-99), next taking charge of the magnetic survey 
of the United States under the Coast and Geodetic Survey in con- 
nection with which work five magnetic observatories were estab- 
lished (1899-1906), and finally, since 1904, conducting the various 
operations (land and ocean work) required in the completion of a 
general magnetic survey of the Earth under the auspices of the 
Carnegie Institution of Washington. 

My purpose in stating the above facts is merely to point out 
the general experience gained and the training undergone in mag- 
netic work during the past two decades which have enabled me to 
get a firm grasp of the underlying phenomena in all their phases. 
This preliminary and laborious training I consider to have been 
essential, for in terrestrial magnetism the road to be traveled by 
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the investigator has not yet been made as easy as it is in pure 
physics, for example. In the latter, text books and skillful guides 
are ready at hand, whereas in terrestrial magnetism the text books 
are yet to be written and the guides are but very few and unfortu- 
nately far between. 

The time has come when it seems worth while to attempt the 
critical establishment of definite physical theories of the chief 
magnetic and electric manifestations of the Earth. There have 
been accumulated now many facts which will serve in applying 
crucial tests to hypotheses already advanced by others or such as 
may be suggested in these papers. Indeed, during the present re- 
markable activity in both magnetic and electric work the world over, 
it is really essential that some definite hypotheses be advanced to 
guide us in the prosecution of future researches and enable us to 
acertain quickly what is right and what is wrong, and wherein 
further investigation is necessary. 

As these inquiries progress, I shall be exceedingly grateful for 
any notification of errors in reasoning or misapplication of labora- 
tory experimental facts, as well as for suggestions regarding points 
at issue or methods of attack. It is only by the combined effort 
of many minds that any distinct advance can be made in any field 
to-day. Full credit will be given, of course, for any hints received. 

The present series of papers will be referred to briefly when 
occasion demands as P T I, P T II, etc. A brief resume is here 
given of the previous series. 

Resume of Papers on the "Physical Decomposition of the Earth's 
Permanent Magnetic Field". 

Designation Subject 

PD I No. I. The assumed normal magnetization and the char- 
acteristics of the resulting residual field. 

Terr. Mag., Washington, D. C. v. 4, 1899, (33-52). [Read 
before the Philosophical Society of Washington, Jan. 21, 1899. 
This number contains a chart of the Earth's magnetic field for 
1885 after deducting the uniform magnetization, as also a dis- 
cussion of the characteristics exhibited by the residual field, and 
correlation with other phenomena. This, being more complete, 
superseded the previous publications on the same topic] 

PD II No. II. The composition and characteristics of the uniform 
magnetic field. 

Terr. Mag., Washington, D. C. v. 6, 1901 (13-24). [De- 
termination of uniform magnetization of the Earth for various 
zones with discussion of distortion phenomena exhibited.] 
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Designation Subject 

PD III No. III. a The Earth's total magnetic energy, h The 

PD III a seat of the principal cause of the secular variation. 

PD III b c On the improvement of the Gaussian theory. 

PD III c 

Terr. Mag., Washington, D. C. v. 8, 1903, (97-129). [Part 
a was presented in abstract by Prof. Arthur Schuster before 
Sec. A. of the Brit. Assoc. Adv. Science, Sept. 1903. Con- 
tains the first computations of the Earth's total magnetic energy 
for various epochs from 1829 to 1885. Shows that results ob- 
tained as based on all available magnetic maps would indicate 
that the Earth's magnetic energy or magnetization diminished 
steadily between 1840 and 1885. This conclusion, while not 
yet considered by the author as definitely proved, is borne out 
by another investigation in No. V, based on freshly accumulated 
data between 1890 and 1900, the rate of diminution being about 
the same as before. Abstracted in Physik. Zs., Leipzig, V, 
1904 (534)- Part fe is a continuation of a previous investi- 
gation completed in No. V. Part c is mainly a discussion of 
the accuracy of recent analyses of the Earth's magnetic field 
and points out wherein further improvement may possibly be 
expected. The results of the investigations thus far were 
read before the Philosophical Society of Washington, Nov. 21, 
1903] 

PD IV No. IV. a Introductory note, h Secular motion of 

PD IV a a free magnetic needle, c Vertical earth-air currents. 

PD IV b d Residual magnetic field and diurnal variation field. 

PD IV c 

PD IV d 

Terr. Mag., Washington, D. C, v. 9, 1904, (i 13-133). 
[fe Status of this investigation in 1904, begun in 1892. c Ex- 
tension of investigation of 1897; practically same results were 
reached as before. This time all available magnetic maps were 
utilized, d Extension of investigation No. I to other epochs, 
viz., 1842 and 1880, similar results being obtained as for 1885.] 

PD V No. V. System of magnetic forces causing the secular 
variation of the uniform portion of the Earth's magnetism. 

Terr. Mag., Washington, D. C, v. 9, 1904, (173-186). 
[Summary of two papers, one presented before the National 
Academy of Sciences, Nov. 15, 1904, and the other before the 
Philosophical Society of Washington, Oct. 15, 1904. Shows 
that the secular variation is caused not only by a change in the 
direction of magnetization of the Earth, but also by a change 
in the intensity of magnetization and is due both to an internal 
and an external system of magnetic forces standing in certain 
relations to one another. This supersedes PD III b.] 
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b. THE IONIC THEORY OF MAGNETIC DISTURBANCES. 

3. The magnetic disturbances experienced by the Earth are gen- 
erally of a very complicated nature and reach at times startling 
magnitudes. Thus during the most remarkable magnetic storm of 
which there is any record — ^the one of September 25, 1909 — ^the 
compass needle in the vicinity of the city of Washington suffered 
a change of 5 degrees in the short space of a quarter of an hour 
and the force acting on it passed through a change during the same 
period amounting to 10 per cent of its full value ! There have been 
in recent times many valuable and important researches on mag- 
netic storms, notably those of Adams, Ellis, Adolf Schmidt, van 
Bemmelen, Maunder, Chree, Brtickmann, and especially Birkeland 
and Stormer. We shall have occasion to refer to these from time 
to time. 

4. One of the crucial questions is as to the origin of the dis- 
turbance: Is the primary cause due to a source of energy outside 
the Earth with its atmosphere, e. g., the Sun, or contained within 
our own planet? Suppose we get together the disturbance effects 
experienced in the three magnetic elements over the Earth and, by 
subjecting them to a mathematical analysis, determine the systems 
of electric and magnetic forces which superposed upon the Earth's 
own field would represent the magnetic state at the time of the 
disturbance. Then it is invariably found that there are two dis- 
tinct disturbance systems in operation: the one, (J5), consists of an 
over-head or external set of electric currents and the other, (/), 
of either electric or magnetic forces, or of both, situated below the 
surface, hence an "internal" system. 

Is the external or E set of currents directly or indirectly brought 
about by emanations or radiations of some kind from the Sun? If 
directly, we are led to some emission theory, since we seemingly 
must exclude the possibility of a direct magnetic action of the Sun, 
for example, the theory of Arrhenius (negatively charged par- 
ticles propelled by the pressure of light), or the one just recently 
and elaborately worked out — that of Birkeland-Stormer (cathode 
rays). In these two theories, the upper electric currents would 
be due to moving negatively charged particles, the precise paths 
and circuits being dependent upon the angle of incidence of the 
electrons when striking the Earth's magnetic lines of force and upon 
the magnitude and character of the deflecting magnetic and electric 
forces. Prom well-known laboratory experiments and accompany- 
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ing mathematical investigations, it is possible to determine the paths 
and directions which the electrons would follow — see the beautiful 
mathematical work of Stormer. The analysis of the actual dis- 
turbance effects will also define the paths and directions of the 
currents and thus will serve to test the deductions from theory. 
Such tests we shall make presently. If the external currents are 
brought about by some indirect effect of the Sun, then most likely, 
as has been especially pointed out by Schuster, we must look to 
an ionizing effect of solar radiations and emanations. Nordmann 
suggested Hertzian waves from the Sun as the ionizing agent. 

The analysis besides furnishing a check upon the direction of 
deflection experienced by the electrons as they enter the Earth's 
field and thus serving also to test the very question itself as to 
whether the £ currents are composed of electrons, serves further- 
more for the application of quantitative tests. A comparison of 
the £ and / systems furnishes the means of settling, to a certain 
extent at least, which was the primary — whether, for example, £ 
was the first effect, next / produced by inductive action of £, or 
vice-versa. A means will then be supplied also of getting an idea 
of the magnetic permeability and of the electric conductivity of the 
Earth and of the atmosphere. 

Should we find that the results of the analyses can in no wise 
be harmonized with the theory that the disturbance systems are 
directly composed of visiting electrons, then we must examine into 
the possibility of an indirect effect ; for, without doubt, there is some 
connection between variations in solar activity and terrestrial mag- 
netic changes. Thus the Rontgen rays resulting for example, as 
a secondary effect of cathode rays penetrating the atmospheric 
regions would ionize the air and thus increase its conductivity. A 
similar effect would result from the penetrating radiation (y rays 
of radium) and from ultraviolet light as well as from charged 
corpuscles. Since we know an electric field already exists in the 
upper regions similar to the Earth's magnetic field and of about 
1/135 of the latter's strength (see Table I), then any alteration 
in the electrical conductivity of the regions in which these currents 
exist must be accompanied by a flow of electricity. 

Thus a solar emanation might serve merely as the "trigger" 
to start off a magnetic disturbance, while the actual energy required 
would be supplied by the Earth's own forces already in existence 
and in situ. This view would greatly diminish the difficulties met 
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with when endeavoring to account for the energ>' required for the 
production and maintenance of a magnetic storm. We need only 
refer in passing to the calculations of Lord Kelvin and Schuster, 
both of whom showed that the energy involved in even an ordinary 
sized magnetic storm is so considerable that the source from which 
it is drawn can hardly be referred to the Sun. 

The theor>' based on the latter view — currents caused by ioniza- 
tion — we shall briefly designate as the "ionic theory of magnetic dis- 
turbances." Before passing to a critical examination of theories, it 
should be pointed out that the "ionic theory" does not necessarily 
restrict us to influences solely from the Sun. Any terrestrial ioniz- 
ing emanation or radiation will of course have the same effect and 
qualitatively is equally admissible as a possible initial cause of a 
disturbance. Whether quantitatively a terrestrial source will be suf- 
ficient can only be settled by a special investigation and will be 
examined into later. In any event, no assumption in behalf of the 
ionic theory need be made at the outset as to the source of the 
ionizing agent, whereas for electrons, if their deflection is to con- 
form with the direction of the analytical electric currents, the ques- 
tion is immediately settled, as we shall see. 

There are many reasons for believing that the ionizing agencies 
come chiefly from outside the Earth, though it would not be well, 
at present, to exclude the possibility of eflfective terrestrial sources 
as well. One of the most direct evidences of an effect due to solar 
radiation or emanation of some kind was supplied by the "total 
solar eclipse magnetic effect" first definitely revealed by the obser- 
vations made under my direction during the eclipse of 1900 and 
later confirmed by others. A small, wave-like disturbance of the 
magnetic needle resulted as the Moon gradually came between the 
Sun and the Earth and appeared again, the times of the charac- 
teristic points of the disturbance wave progressing from station to 
station according to the velocity of progression of the shadow cone. 
It was found furthermore that this variation was analogous in its 
nature to the solar-diurnal variation of the Earth's magnetism, 
differing from it only in degree. (C/. Terr. Mag., v. 5, 1900, pp. 
143-165, and V. 7, 1902, pp. 155-192.) 

5. The next crucial question is whether the chief and character- 
istic features of magnetic disturbances occur all over the Earth at 
the same instant of time or whether there is a measurable time in- 
terval between distant stations, i. e. zvhether disturbances have some 
8 
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definite and measurable motion over the Earth. If they have, then 
another valuable criterion is set for the testing of theories. It had 
been generally believed that magnetic disturbances were simultane- 
ous and that the departures from simultaneity exhibited at the dif- 
ferent observing stations could be fully accounted for by the in- 
evitable uncertainties in the time-scalings of the magnetograms. 
However, by means of the abrupt disturbances of May 28, 1902, and 
January 26, 1903, and a re-investigation of some previous storms, 
I was enabled to draw the following conclusion {Terr. Mag., v. 15, 
1910, pp. 18-20) : 

"Magnetic storms do not begin at precisely the same in- 
stant all over the Earth. The abruptly beginning ones, in 
which the effects are in general small, are propagated over 
the Earth more often eastwardly, though also at times west- 
wardly, at a speed of about 7000 miles per minute, so that 
a complete circuit of the Earth would be made in 3J/2 to 4 
minutes. For the bigger and more complex magnetic dis- 
turbances the velocity of propagation may be cut down con- 
siderably. The time of beginning of the disturbance may be 
appreciably different, for the various magnetic elements, ac- 
cording to the character of the operating systems." * * * 
The disturbance of May 8, 1902, as determined from the 
times of beginning at the various stations, began in about the 
meridian of 75*" West, whereas the initial meridian for the 
disturbance of January 26, 1903, computed in a similar man- 
ner, was found to be, roughly, 160*" West. 

This conclusion has been confirmed by the special investigation 
of Mr. R. L. Paris of the United States Coast and Geodetic Survey, 
whose article will be found in the present issue. When the pos- 
sibility of non-simultaneity of magnetic disturbances has once been 
accepted, it is remarkable how many confirmations may be found 
in past publications, as well as surprising that the fact has not been 
recognized before. 

Analysis of Magnetic Disturbances. 

6. Let us now see what hypotheses are necessary for a physical 
explanation of the observed facts pertaining to the simplest class 
of magnetic disturbances experienced by the Earth — ^the sudden be- 
ginnings of magnetic perturbations which, in accordance with van 
Bemmelen's suggestion, we might term, for brevity, "S" storms. 

Professor Kr. Birkeland has the credit of being the first to 
attempt a definite physical theory to account for this class of dis- 
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turbances, termed by him "equatorial perturbations,' since they 
seemed most strongly developed in the equatorial regions, as judged 
alone from the size of the disturbance effect on the horizontal in- 
tensity. If the latter element suffered an increase, the disturbance 
was called a "positive equatorial perturbation", and if on the other 
hand the horizontal intensity was decreased, the disturbance was 
termed a "negative equatorial perturbation." The theory for these 
particular disturbances is only a part of the general "cathode ray 
theory" developed by Birkeland and Stormer to account for all 
classes of magnetic disturbances and of polar lights, as set forth 
in their various papers and especially in Birkeland's recent publi- 
cation, "The Norwegian Aurora Polaris Expedition 1902-03, 
Vol. I. On the Cause of Magnetic Storms and The Origin of Ter- 
restrial Magnetism". 

Birkeland concluded from a general consideration of the effects 
of a magnetic disturbance on the vertical intensity, that all storms 
originate from without and he doubtless is, in the main, right, hut 
the conclusion can not be accepted as invariably true without a 
detailed mathematical analysis of each particular case. Since the 
observed quantities seem to be resultant effects of both external and 
internal forces, it is very desirable that we should know just what 
proportion must be referred to one cause or the other. For this 
separation we require, however, a knowledge of the disturbances in 
the vertical intensity and these are either difficult to determine with 
sufficient accuracy or are not to be had always at a sufficient number 
of stations. 

It was for these reasons it was deemed desirable to make known 
promptly the deductions derived from the mathematical analysis 
of certain typical cases of the class of "S" storms. We have now 
the means of applying the first decisive tests as to how far the 
Birkeland-Stormer theory will account for the facts. 

There is a distinct advantage in investigating for the present 
simply these sudden beginnings of magnetic disturbances, for the 
reason that not only can the time of beginning be sharply deter- 
mined, but, what is equally important, the actual magnitude and 
direction of the disturbance effect on any particular element can 
be most accurately determined. As the effects we are here espe- 
cially considering do not extend, in general, over five minutes, we 
may readily scale off on the magnetogram the disturbance effect, 
which is, without essential error, simply the difference between the 



Digitized by 



Google 



Ii6 L. A, BAUER [vol. xv, No. a] 

ordinate to the curve at the point of beginning of the disturbance 
and the ordinate to the particular point of the disturbance con- 
sidered. When, however, a magnetic storm extends over many 
hours and even days and one wishes to know the magnitude and 
direction of the disturbance at stated times, for example, every hour 
or half hour, then what is called a "normal curve" must be drawn, 
from which the disturbance ordinate is to be measured. This "nor- 
mal curve" is supposed to represent the curve of magnetic variations 
which would have resulted had there been no disturbance. But to 
determine such a curve is far more difficult than generally realized 
and usually an arbitrary assumption of some kind must be made to 
derive it. Of such assumptions we are free in the disturbances 
considered. 

7. In Table I are given the values of the three Gaussian co- 
efficients for the first order spherical harmonic which represent a 
uniform magnetization of the Earth about a diameter, the position 
of which is defined by two angles, ^« and \n • These quantities 
are, respectively, the latitude and the longitude of the point of in- 
tersection in the Northern Hemisphere of the magnetic axis with 
the Earth's surface. Let us place the origin of a system of rec- 
tangular co-ordinates at the Earth's center, the axes H, H, Z 
being, the first along the axis of rotation (positive towards 
the true North Pole) and the other two in the equatorial plane 
with the positive directions in the meridians of Greenwich and 90' 
East. Suppose f«, i7«, Cm to represent the three rectangular com- 
ponents of the intensity of magnetization, p, per unit of volume 
parallel to the magnetic axis, then the following relations exist: 

'gxo=\im=^9 ' ^^^^ , (i) 

4^^ 4^^ • X , N 

'gii = ^f\m=^ 9 ^ ^^riUn^O^K , (2) 

-h^x = ^lm=^ p ' sin Un sin K , (3) 



M = magnetic moment = ^-^^ = JiV^ + ^^ . (s) 
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M,= ^U.R> = -g,o.R> , (6) 



/., = ff^^+r.;e- = ^/7Tl;.^ 



(7) 



iW/ and Afe are, respectively, the components of the magnetic 
moment resolved along the axis of rotation (towards the North 
Pole) and at right angles thereto (in the equatorial plane). Af^ 
is counted positive for the Northern Hemisphere and Afe for the 
Eastern. R is the Earth's mean radius. 

tan K= Cm \vm = (-^t)/(r^u) . (8) 

(X is to be counted from Greenwich, positive to the East) 

tan Un = cot ^n= Me/ Mp\ {un = 9©** — <^« ) . (9) 

With these explanations the quantities given in the Table will 
be readily interpreted. The reader wishing more information may 
be referred to my article on "Analysis of Magnetic Disturbances", 
Terr. Mag,, v. 15, p. 26; there the x, y, s, correspond respectively to 

~*^10» ""'^llf ~^ll' 

8. The Table gives the chief characteristics of three principal 
systems — the primary terrestrial field (columns 2 and 3), next 
the secular variation systems first as derived from the magnetic 
charts 1843 to 1885 and secondly as obtained from newly observed 
data 1890 to 1900 (Cf. PD V, Terr, Mag., v. 9, pp. 181, 183) and 
finally the systems of forces in operation at the beginning of the 
magnetic disturbances of May 8, 1902, and Jan. 26, 1903 {Cf. Terr. 
Mag., V. 15, pp. 9-30). For each system, a separation has been made 
into two components — one (/or »), due to a system of magnetic 
or electric forces belozv the Earth's surface and the other {B or e), 
above the surface. In the absence of vertical components, the 
separation could not be made for the disturbance of Jan. 26, 1903. 
The quantities are expressed in gammas (y) or in terms of i/iooooo 
part of a C. G. S. unit. 

By looking over the figures for the "S" disturbance systems, it 
will be seen that they represent practically the same kind of mag- 
netic system as shown by the Earth's own field. See, for example, 
the correspondence in sign for the quantity -^io» which is propor- 
tional to the intensity of magnetization along the axis of rotation. 
In consequence the Magnetic North Poles (points defined by^«, \n) 
are for both systems in the Northern Hemisphere and it will be 
seen too that they are in the same general locality of the polar 
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regions. In brief, the general character of the operating system 
for the Earth's own field and for the class of disturbances here 
considered is precisely the same. If we suppose the former to be 
caused by electric currents circulating around the Earth from east 
to west, if positive ones, or from west to east if they are negative 
ones such as result, for example, from the motion of negatively 
charged particles, then the disturbance systems must be referred 
to an electric current system similar to that of the Earth. In passing 
we simply wish to point out that the secular variation systems as 
shown by the figures in columns 4 to 7, are of a different character 
— their magnetic axis is reversed in direction so that their Mag- 
netic North Poles are in the Southern Hemisphere. But these 
systems will receive special treatment later. 

Let us now pass to the application of tests and see whether 
the theories hitherto propounded for the class of disturbances con- 
sidered will respond to the facts disclosed in the above Table. 

Application of Tests. 

9. The first fact of importance found from the analysis of the 
disturbance of May 8, 1902, is that the direction of flow of the 
negative electric currents, which could account for the external 
(^) and the internal («) magnetic disturbance systems, is the same 
for both systems. While the strength of the external system will 
be seen to be about three times that of the internal, nevertheless, 
the internal currents are not the direct consequence of any outside 
moving negative charges, i. e., they are not induced currents. In- 
stead, for both systems— outside and insfde the Earth — ^the flow of 
electricity was eastwardly around the Earth for negative charges 
and westwardly for positive charges. 

Having fixed the direction of flow of negative electricity, let 
us inquire now whether cathode rays coming from the Sun will 
give the required direction. Birkeland in his experiments on a 
magnetized terrella when placed in a vacuum tube and subjected 
to a bombardment of cathode rays, observed among other inter- 
esting phenomena the formation, under certain conditions, of a ring 
of cathode particles which encircled the terrella in the magnetic 
equatorial regions. For an unmagnetized terrella there was no such 
ring. Stormer, from his mathematical investigations, found under 
what conditions a similar ring would be formed when cathode 
rays from the Sun came within the deflecting influence of the 
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Earth's magnetic field. The ring results when electric charges 
enter a magnetic field perpendicularly to the lines of magnetic force, 
e. g., in the magnetic equatorial regions. It was on account of 
the possible formation of such an equatorial ring that Birkeland 
was apparently led to the adoption of his term "equatorial mag- 
netic perturbation" and to refer its cause to such a ring. 

If we apply, however, the well-known law according to which 
a negative charge would be deflected if entering the Earth's mag- 
netic field from without, at right angles to the lines of magnetic 
force, it is unfortunately found that the deflection is to the west 
and the moving negative electric charges would accordingly encircle 
the Earth from east to west, hence opposite to what our mathe- 
matical analyses of the disturbance of May 8, 1902, and January 
26, 1903, have shown must be the case to account for the observed 
disturbances.* 

Were we to assume on the other hand that the corpuscles are 
shot up into the Earth's field instead of downwards, then those 
which struck the lines of magnetic force perpendicularly would, 
after successive deflections, circulate around the Earth from west 
to east or eastwardly and hence harmonize with the observed facts. 
Thus far then we should have to conclude that if the disturbances 
considered are to be referred to cathode rays deflected by the 
Earth's field into more or less circular paths, the source of the 
cathode rays would have to be within the Earth itself and not 
without. 

10. Let us next compute the radius of the ring in which the 
corpuscles would move as the result of deflection in the Earth's 
field if the particles entered perpendicularly to the lines of mag- 

1 The following^ rule will serve to grive the direction of the deflecting force ex- 
perienced by a viov\n% positive charge : 

Suppose you are swimming in the direction of the magnetic force, 1. e.^ the 
direction in which the north-seeking end of the compass is drawn, head foremost, 
and looking in the direction of the receding charge, then the deflecting force expe- 
rienced by the latter will be towards the outstretched right hand. For a negative 
charge, the direction of the deflecting force will be towards the outstretched left 
hand. 

The following statement appears on the top of page 81 of Birkeland's volume 
referred to above : 

*'(i) Under certain circumstances there is formed round the terrella a very 
steady, luminous ring. As the system itself is confined within the form of a flat 
torus, the trajectories of the corpuscles in consequence form approximately entire 
circles. Owing to terrestrial magnetism, such negative corpuscles in space, coming 
from the sun, must then move from west to east round the earth." 

There is evidently a misprint here, the words east and west being interchanged. 
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netic force. If r be the radius desired, Hr the intensity of the 
magnetic force acting on the corpuscle of charge e and mass m, and 
moving with the velocity v, then the deflecting force acting on the 
particle is Hyev, and this must be equal to the centrifugal force 

— , hence 

Hrev=— , (10) 

Let T be the time required for the corpuscles to complete their 
circular path then: 

'^=-f • (12) 

Furthermore, if //, is the horizontal intensity of the magnetic 
force on the Earth's surface, along the magnetic equator, and R the 
Earth's radius, then the value of H at any point vertically above 
at a distance, r, from the Earth's center will be approximately: 

Hr = Hs.^ . (13) 

Substituting (12) and (13) in (11) and reducing, we have 
finally : 



=.^ 



(14) 



27r m 



/?=6.37Xio* cms., 

/fj =0.32 C. G. S. units, on the average along the magnetic 
equator, 

jr=3^ minutes=225 seconds, on the average, for the dis- 
turbances of May 8, 1902, and January 26, 1903, 

-=1.7X107 electro-magnetic units. 
Substituting these values in (14) 



r = R 3[ o.32 X 225 X 1.7 X 10^ = 580 y? = 
\ 6.28 

6.37 X 10® X 580 cms. = 3.7 X 10" cms. = 3.7 X lo* kms. 
= 2,300,000 miles. (15) 

9 



Digitized by 



Google 



122 L, A, BAUER [VOL. XV, No. a] 

Hence, the electrons would have to circulate around the Earth 
on a circle whose radius is 580 times that of the Earth, or 2,300,000 
miles, or about i/45th of the way to the Sun! This, of course, 
immediately eliminates the possibility of a terrestrial origin of the 
required cathode rays or corpuscles. Were we to increase the 
mass of the carrier of the negative charge 1,000,000 times, r would 
still be 23,000 miles and for particles the size of those propelled 
by the pressure of light, r would be less than the Earth's radius, 
hence impossible. 

If we calculate what the intensity / of the current would have 
to be which, at the distance r=2,300,ooo miles, could produce the 
average magnetic effect, AH, observed on the Earth's surface during 
the comparatively insignificant disturbances in question, it is found 
to be about sixty times stronger than that which Birkeland finds for 
the much larger storm effects. 

It therefore appears that we are unable to account for these dis- 
turbances by any theory based on the deflection of cathode rays or 
corpuscles, whether they come from the Sun or the Earth. While 
we have been considering only negative charges, the same reasoning 
would also apply, of course, to positive charges. It ought to be 
stated here that when the hypothesis was advanced which has just 
been found untenable, the two important facts respecting the non- 
simultaneity of magnetic disturbances and their propagation over 
the Earth's surface had not been discovered. Even Birkeland, him- 
self in his earlier researches considered the action of cathode rays 
from the Sun to be of but a secondary character in the production 
of terrestrial magnetic disturbances, viz., that the solar cathode rays 
excited others when the Earth's atmosphere was penetrated. When 
then our ultimate conclusions lead to the atmosphere as the chief 
seat of terrestrial magnetic disturbances, Birkeland should be cred- 
ited with having materially assisted in bringing about the new view. 

Hypothesis of Ionic Currents. 

II. We now pass to a general examination of the hypothesis that 
the chief effect of radiations and emanations received from the 
Sun, or from the Earth, is to ionize the atmosphere and thus make 
the various strata better conductors of electricity. Since magnetic 
observations made at various points on the Earth's surface have re- 
vealed the existence of a definite system of atmospheric electric cur- 
rents, it follows at once that, if the atmosphere is made more con- 



Digitized by 



Google 



THEORY OF MAGN6TIC DISTURBANCES i 23 

.ducting at any point, an extra curretit will be started and set in mo- 
tion by the pre-existent electro-motive force or its equivalent. The 
direction followed by the new current depends upon its origin, upon 
the direction of the electro-motive force at that point, and upon the 
deflecting effect of the Earth's magnetic field and of the Earth's ro- 
tation on the electric carriers. In other words, while we shall look 
chiefly to extra-terrestrial agencies for ionizing the air and thus 
splitting it up into carriers of positive and of negative charges, we 
shall look to the atmospheric electric field and to the Earth's rota- 
tion for furnishing the energy necessary to drive the ions over the 
Earth and by their motion produce the effects observed during a 
magnetic storm. Here we can not do better than give the following 
apt quotation from Schuster's extremely suggestive paper^ on the 
"Diurnal Variation of Terrestrial Magnetism:^* 

"Outbreaks of magnetic disturbances, affecting sometimes 
the whole of the earth simultaneously, may be explained by 
the sudden local changes of conductivity which may extend 
through restricted or extensive portions of the atmosphere. I 
have shown in another place that the energy involved in a 
great magnetic storm is so considerable that we can only think 
of the earth's rotational energy as the source from which it 
ultimately is drawn. The earth can only act through mag- 
• netization in combination with the circulation of the atmos- 
phere, so that magnetic storms may be considered to be only 
highly magnified and sudden changes in the intensity of elec- 
tric currents circulating under the action of electric forces 
which are always present." 

12. Let V be the velocity of the moving ions at a height h above 
the surface, R the Earth's mean radius, n the number of molecules 
in a c. c. of gas at a pressure p dynes per sq. cm., e the electric 
charge carried by an ion, D the coefficient of diffusion of an ion 
through the gas, then, for an electric field of intensity X, according 
to J. J. Thomson's "Conduction of Electricity through Gases," 
2d ed. Cambridge, 1906, p. 43: 

XneD . _v 

V = — . (16) 

For dry air and, on the average, for positive and negative ions, 
we have: 

n^=^i .37X10^^ in electrostatic units for pressure of 760 mm. ac- 
cording to values in Thomson's book, p. yy, hence 0.46 in 
electro-magnetic units, 

1 Phil. Trans. R. Soc. A., v. 208, 1908 (184-185). 
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Z)=b.033 according to Townsend (method by Rontgen rays, radioj 
active substances, ultra-violet light and point discharge, 
Thomson, p. 39) ; 

Ps =pressure of the atmosphere at the surface of the Earth= 
i.oiXio^ dynes per sq. cm. 

Let Vs be the current velocity at the surface for value of X, one volt 
per centimeter, which is the average potential gradient found 
on the surface from atmospheric electric measurements: 
it is equal to the sum of the velocities of the positive and of 
the negative ions. 

For dry air, according to the measurements of Rutherford and 
Zeleny (Thomson, p. 80): 

Vs = 3.2 cm/sec . (17) 

7'i=time of complete circuit around the equator 

_ 2ir^__ 6.28X6.37 X lo* ^^ , ^ , 

= = — = 1.25 X io*sec. = 1.45 X 10* 

Vs 3.2 

days = 40 years. (18) 

Hence, if the electric currents resulting from the ionization of 
the air and the ensuing motion of ions were on the Earth's surface, 
a complete circuit around the Earth woUld require, for a potential 
gradient of one volt per centimeter, 40 years, the velocity being but 
115 meters per hour. As an actual fact, however, the disturbances 
of May 8, 1902, and January 26, 1903, were found to require on 
the average 3J4 minutes for a complete circuit of the Earth around 
a great circle. Equation (16) states that the velocity v increases as 
the pressure decreases; let us therefore determine at what height, 
h, above the surface the pressure of the atmosphere would be suffi- 
ciently small for the velocity to be large enough to admit of 
a complete circuit of the Earth in 3^ minutes or 225 seconds. 
Tk being the time taken for a complete circuit at the height h, we 
have: 

v^ Vk ^ ^' 

But on the assumption X n e D remains constant, 

Vh=Vs.ps/ph , (20) 

Hence 

- ■ + S = t-^ ■ <"> 
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From the barometic formula giving the relation between the 
height A (in cms.) and the pressure of the atmosphere, neglecting 
for the present temperature changes : 

h = 1.84 X !©• log A /Pk . (23) 

The logarithms are taken to the base ten (10). 

Preliminary calculations show that, without sensible error, we 
may neglect the term h/R in equation (22), hence taking logarithms 
of both members of equation (22) we get with the aid of (23) : 

k = 1.84 X io« log Ts /Tk . (24) 

Substituting the value of 7'^='i.25Xio* sec. and 7^=2.25X10^ 
sec, A=i24 kms. 

If the possible temperature change between the surface and the 
height h be considered, then h is reduced by the temperature factor ; 
if we put 4, — 273° and /i,+27° C for the average temperature along 
the equator, the value of the factor becomes 0.55 and we get ap- 
proximately: 

/i=68 kms. (25) 

In the above, the quantity Xne D was regarded as constant. 
A. F. Kovarik has recently published^ some experiments as to the 
changes of ionic velocities with variations of pressure and tempera- 
ture in air and carbon dioxid, the pressures ranging between 8.8 
mm. and 760 mm. of mercury; his temperatures in air at atmos- 
pheric pressure varied from 84.5 to 698 degrees absolute. He 
worked with negative ions only and for the lowest pressure of 
8.8 mm, the ionic velocity was 10 times what it would be on the 
assumption that the velocity varied inversely proportional to the 
pressure. Just what the ratio of increase would be for the very 
much smaller pressures we have to deal with (about o.i mm.) 
cannot be given at present. 

Regarding the variation of X, some preliminary calculations 
would appear to indicate that the potential gradient of i volt per cm. 
assumed may be of about the right order of magnitude for the 
heights concerned. 

In general, it appears we may safely conclude that the quantity 
(XneD) increases with increase of height and, in consequence, 
h as above found is the maximum height for the ionic currents 
whose velocity is such that a complete circuit of the Earth would 
be made in 3J4 minutes. Were we to assume that at the height A, 
(XneD) is 1000 times that at the surface then, neglecting tem- 
perature change with height, h is found to be 69 kms. against 124 
above; taking account of temperature changes, h may be further 
reduced, viz. approximately to 38 kms. It would accordingly ap- 
pear that we are not far wrong if we assume that the electric cur- 

* Phys. Rev. I^ncaster, Pa., v. 30, p. 415. April, 1910. 
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rents involved in the production of the sudden begintiings of 
magnetic disturbances are at a height of about 75 kilometers (47 
miles) or less. The velocity of these currents would be about 
181 km./sec. or 10860 km./min. or 6733 miles per minute, the 
complete circuit of the Earth being made in 3j4 minutes, approxi- 
mately. 

As the generated current gets closer to the Earth than the height 
for which the circuit is made in 3^ minutes, the atmospheric pres- 
sure will be increased and the ionic velocity, according to formula 
(16), diminished, and hence the time taken by the current to travel 
over a given portion of the Earth increased. On the other hand, 
the magnetic effect of the lower current will be increased. Hence we 
may say that the nearer a current gets to the Earth's surface, the 
greater, in general, the disturbance effects and the slower the rate of 
propagation — ^this is in accordance, as we have seen, with actual ob- 
servation. It seems probable that the reason of the remarkably large 
effects experienced during the magnetic disturbance of September 
25, 1909, must be ascribed chiefly to the fact that the currents in- 
volved succeeded in getting closer to the Earth than for the average 
magnetic storm. 

13. It is thus seen that on the basis of an ionic theory of mag- 
netic disturbances it is possible to explain, in a perfectly natural 
manner, why magnetic storms do not begin at absolutely the same 
instant of time over the Earth, and also to account for the direction 
of propagation and the reason for the possible different rates of 
progression. Thus far, however, the examination has applied ex- 
clusively to the sudden beginnings of disturbances or to the simple 
disturbances characterized by Birkeland, "equatorial perturbations," 
which our analysis has shown to be due chiefly to a simple, uniform 
magnetic or electric system superposed upon the existing field. It 
seems probable that for this class of disturbances the electric cur- 
rents producing them are farthest distant, i. e., are in the stratum 
of the atmosphere where they can exist at their maximum velocity, 
viz. that for which a complete circuit of the Earth, if made, would 
require from 3 to 4 minutes. In this connection it is worth while 
to record that, judging from van Bemmelen*s observations, this in- 
terval of 3 to 4 minutes is also the average duration in general of 
the "starting impulse" at any one station.^ 

1 Dr. W. yan Bemmelen in his recent investirations on " The Starting Impulse 
of Magnetic Disturbances," Proceedings of the Amsterdam Academy of Sciences, 
April 24, 1908, found the following important facts applying to the Batavia Magnetic 
Observatory records, 188^1899 : 

^^ Direction of the initial movement 

In horizontal intensity was without exception positive. 
In declination was with a few exceptions West ; but 12 percent of the num- 
ber of cases was introduced by a slight Basterly movement. 
In vertical intensity was negative ; but in 6 per cent of the number the 
movement was introduced by a slight positive movement. 
^^ Duration 

Taking no consideration of the slight introductory movement, 124 cases 
furnished: horizontal intensity, 4.5 min.; declination, 3.2 min.; vertical 
intensity, la.o min. 
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After an interval of 3 or 4 minutes, the current either dies out 
or gets so far away as not to produce any effect. But it may also 
develop into a steady current continuing for an hour or more, and 
then break out anew into a second starting impulse, and finally de- 
velop into a complex current system with principal and sec(Midary 
current vortices. The phenomena exhibited by Birkeland's "polar" 
and other complicated disturbances are not at all different from 
those already existing in the atmospheric electric field, in Schuster's 
field, which causes the diurnal variation of the Earth's magnetism, 
and in my "residual field," which represents the irregularities in the 
distribution of the Earth's permanent magnetism. (C/. PD I, pp. 
44-50, Terr, Mag,, v. 4, 1899.) A cursory examination indicates 
that the formation of these peculiar magnetic fields, wjiich repre- 
sent, in the main, east and west magnetizations oppositely di- 
rected in the Northern and Southern Hemisphere, can be accounted 
for in the same way as are the many peculiar phenomena of the 
general circulation of the atmosphere, viz, by the deflecting effect 
of the Earth's rotation on a body moving freely over it. Even 
similar phenomena may be noticed in a pair of Sun-spots having 
oppositely whirling electric vortices, such as first found by Hale. 

14. Up to a short time ago it seemed as though the cathode ray 
theory would certainly meet the requirements for the large complex 
magnetic storms and for the formation of polar lights. But further 
examination and additional facts since then obtained have led me 
to believe that only a secondary, ionizing effect is to be ascribed 
even to the cathode rays entering the polar atmospheric regions. 
Professor E. E. Barnard of the Yerkes Observatory has recently 
published* for the period 1902-09 one of the most valuable series 
of auroral observations thus far made, from which we quote as fol- 
lows : 

"The streamers which spring from the arch as a base, and 
which always have a decided lateral motion and last for a 
minute or so only, almost always move to the west. On sev- 
eral occasions, however, I have seen them divide the arch, with 
respect to their motion, so that the ones to the west moved west 
and those to the east moved east. This is very rare. The mo- 
tion is about 2^ in one minute (and not 2 minutes to the degree 
as I stated in Astrophysical Journal, 16, 143). I have wished 
to determine this motion more accurately, but we have had so 
few ray-producing auroras in late years, and the rays are so 
transient, that I have not been able to do so. It would be inter- 
esting to know if this motion is constant in a streamer and for 
all streamers. 

The dnration of the yertical intensity movement is in general difficult to 
determine, as the decrease in this element keeps on mostly much 
lonuT^- 

It is important to notice that the initial movement in the declination stops 
or is inverted, whilst for the horizontal intensity the increasing move- 
ment keeps on.'' 

* Astroph. J., Chicago, lU., v. 31, 1910, (208-333). 
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"The pulsating bright masses that usually appear in the 
northeast or northwest, but which are sometimes seen under 
the pole, are among the most interesting phenomena. They are 
sometimes present when there are no other evidences of an 
aurora. 

If the band of Polar lights observed by Barnard at the Yerkes 
Observatory were but 10 to 20 degrees wide, and the motion of 
the streamers is at the rate of 2 degrees in one minute, it would 
take five to ten minutes or more for the motion to traverse the 
entire band. As a matter of fact the band may be considerably 
wider than assumed. Now the possibility of such a slow motion 
is contrary to what the cathode ray theory with charged particles 
moving on the order of 60,000 miles a second would premise, but 
it is in strict accordance with the results announced regarding the 
non-simultaneity of magnetic disturbances and their rate of pro- 
gression over the Earth. ' 

Another extremely suggestive fact is the repeated mention by 
Barnard of "rapid fluctuations ascending vertically" (August 21, 
1903) ; "ascending pulsations and bright masses all over the north 
to the zenith" (October 18, 1909), etc. If the luminescence which 
causes polar lights results from cathode rays coming from without, 
how account for the prevalent ascending pulsations ? 

According to the theory of magnetic disturbances above set 
forth, the various manifestations of solar activity, with their result- 
ing emanations and radiations, are not the direct but the indirect 
cause of the Earth's magnetic storms. Their effect appears to be 
more in the nature of a releasing or "trigger^' action, setting in oper- 
ation electric forces already in existence in the upper regions of the 
atmosphere; terrestrial sources in reality, however, supply the en- 
ergy required for the magnetic storm. To account then for the well 
established, general relationship between magnetic disturbances and 
the Sun-spot period, we must suppose that the radiations which 
alter the conductivity of the atmosphere vary in their amount and 
intensity in accordance with the periodicity of the solar phenomena. 

The great advantage of the ionic theory of magnetic disturbances 
over the theories based on the entrance into the Earth's field of 
electrically charged particles from without is, that for the latter 
the direction of progression of a disturbance around the Earth 
is definitely fixed by the deflecting action of the terrestrial mag- 
netic field— the storms must all travel in the same direction. The 
ionic theory, however, admits of every possible case. It is already 
known that magnetic disturbances do not all progress in the same 
direction ; a discussion of the dominating conditions which primarily 
control the direction will be taken up in a later number. 
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THE CIRCUMNAVIGATION CRUISE OF THE *XAR- 

NEGIE" FOR 1910-1:^ AND THE PERFECTION 

OF HER MAGNETIC WORK AS SHOWN 

BY RECENT TESTS.' 

By L. a. Bauer, Director. 

The magnetic survey vessel, *' Carnegie," of the Carnegie In- 
stitution of Washington, left Brooklyn, New York, June 20, 19 10, 
on her second cruise, encircling the globe, embracing three years, 
and covering about 65,000 nautical miles. Her itinerary is suflB- 
ciently indicated by the following ports: Greenport, Long Island; 
Vieque?,* Porto Rico, where she arrived July 24 ; Para, Pernambuco 
and Rio de Janeiro;* Montevideo and Buenos Ayres* (Dec, 1910); 
Tristan da Cunha and Capetown* (Mar., 191 1) ; Colombo (Ceylon) 
and Bombay* Mauritius* and Batavia* (Oct., 191 1); Manila* 
(Dec, 191 1); Samoa* (Mar., 1912); Acapulco, Mexico Qune, 1912); 
Cape Horn and South Georgia Island (Nov., 1912); Cape Town* 
(Jan., 1913); Vieques,* Porto Rico (April, 1913) ; Greenport, 
Long Island (June, 1913). [The ''Carnegie" left Porto Rico 
August 1 8th for Para, at the mouth of the Amazon River.] 

For the ports marked with an asterisk, there exist magnetic 
observatories, more or less fully equipped, at which comparisons 
will be made between the local magnetic standard instruments and 
those used by the "Carnegie" (both ship and land instruments). 
Where there are no magnetic establishments, the "Carnegie** ship 
instruments will be compared ashore with her land instruments. 
A good control will be had, furthermore, upon the latter by the re- 
peated inter-comparisons which will be obtained not only at the 
observatories mentioned but also by direct comparisons with the 
instruments of land observers of the Institution who will occa- 

1 Prepared for the Berlin meetings, September, 1910, of the two Committees on 
Terrestrial Magnetism of the International Association of Academies and of the 
International Meteorological Conference. 
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sionally meet the vessel at a given port. In brief, by the methods 
pursued in the Department of Terrestrial Magnetism, an effective 
system of control of all instrumental constants is continually in prog- 
ress. The standard instruments adopted by this Department 
have been found correct within both practical and theoretical re- 
quirements. 

It will also be noticed that this cruise has been arranged and 
mapped out so that not only the most favorable conditions of 
weather and sea may be encountered throughout as nearly as prac- 
ticable, but also to ensure the best trignometric conditions, nearly 
at all times, for the astronomical and the magnetic declination 
work. Furthermore, if required, the necessary data may be ob- 
tained at the magnetic observatories along the route, for applying 
any corrections to the magnetic observations on account of diurnal 
variation or other variations. In addition, the times of observation 
selected for the magnetic elements are, as nearly as practicable, 
those at which such corrections would be generally less than the 
observing errors. 

We are hence really independent of observatory data and can 
reduce and publish our results with a promptness not heretofore 
attained. This matter of so arranging observational work as to be 
able quickly to obtain results, I regard as one of the most important 
considerations in magnetic work. Reductions deferred will in most 
cases cause errors far greater than the corrections sought to be ob- 
tained by postponement. In magnetic work, the application of 
mere common sense is afforded exceptional opportunity for display. 

Another pitfall which we have made every effort to escape is 
that of being deceived by an apparent high observational accuracy. 
Everything possible has been done to vary the conditions of obser- 
vation — obtaining, for example, the same magnetic elements with 
instruments of totally different construction and built on entirely 
different principles. Thereby, of course, the probable error of an 
individual result has been at times considerably increased, but the 
absolute error of the mean result has been correspondingly de- 
creased. In fact, it may be said, on no previous ocean magnetic 
work have methods been used to disclose the real absolute error. 
We can be accused neither of exaggeration of our observational ac- 
curacy nor of publishing our provisional results to more decimals 
than warranted. In the latter respect some well-known organiza- 
tions have subjected themselves to criticism. One may see pub- 
lished determinations of the magnetic declination at sea, made on 
board iron vessels, with inferior instruments, expressed to seconds 
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of arc and even to decimals thereof! Yet such results may easily 
be in error by fractions of a degree and even a whole degree. 

One more point requires to be mentioned before passing to 
the special subject of this paper. High absolute accuracy in mag- 
netic observations is not necessarily reached with instruments of 
complex construction. I have probably had now the most extensive 
direct experience with modern magnetic instruments of every type 
and make ; as a result I would almost be tempted to say that abso- 
lute accuracy in magnetic work is inversely proportional to excessive 
refinement and complexity of instrumental appliance. After re- 
peated disappointments, I have been obliged to stop almost entirely 
purchasing magnetic instruments abroad and instead have estab- 
lished an instrument shop of our own. To give but one illustration, 
magnetometers have been supplied us, aimed, by the designers, to 
g^ve declinations certainly correct to o.'i and even to 0/0 1, though 
the results, either because of faulty construction or of magnetic 
material, were found erroneous by several minutes. Some of the 
standard, large, complex magnetometers at certain observatories 
are known to give results, both in declination and horizontal inten- 
sity, which are in error by quantities (not necessarily constant ones 
either) many times the mere observational errors. 

Owing to these experiences, simplicity of construction and of 
observation, as well as of computation, has been one of our fixed 
principles. I shall now show what results can be obtained by ap- 
parently crude devices, provided proper methods of observation 
are employed. 

Recent Tests of the Instruments and Methods in Use on the 

"Carnegie." 
As stated in the first paragraph, the first port of call of the 
*' Carnegie," on her present cruise, was Greenport, Long Island, 
where she arrived on the morning of June 21st. I had prepared 
directions for magnetic observations on swings in Gardiner's Bay, 
at the very same place where the vessel was swung between August 
31st and September 2, 1909, when she set out on her " First Cruise." 
The present observations were designed so as not only to test again 
the question of possible deviations of various kinds, but also to 
apply the severest possible test on the instruments and methods of 
observation, viz., by comparison of results obtained at the same 
point at sea less than a year apart. I may say I hardly expected 
that the accuracy would be suflBcient to disclose the secular changes 
between the two times as satisfactorily as will later be seen to be 
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the Case. However, a week previous to the "swings," observations 
were also made at the land station, Greenport, the same point being 
occupied as in 1909. 

My part consisted in drawing up the directions according to 
which the observations were to be conducted. I purposely refrained 
from taking any part myself in the observations and preliminary 
reductions and, in fact, did not arrive at Greenport until after the 
completion of the chief work. The results of last year's observa- 
tions had furthermore already been put in print before anything 
was known of the outcome of the present observations. 

The execution of the observational work was placed in the 
charge of W. J. Peters, in command of the *' Carnegie ; ** he was 
assisted by observers, Dr. C. C. Craft, E. Kidson, and H. D. Frary, 
and by recorder C. R. Carroll. The auxiliary propulsion plant on 
board the '* Carnegie,*' with aid of which the vessel was swung, was 
in charge of Mr. D. F. Smith, assisted by Mr. W. G. R. Savary, and 
the sailing of the vessel was under the direction of the First Watch 
OflScer, F. S. McMurray. To these gentlemen, especially to the 
observational staflF, is to be attributed the success attained. An 
observational skill, zeal, and enthusiasm has been displayed which 
augurs well for the continued success of the " Carnegie's " work. 



Table I. Summary of Results of Swings in Gardiner's Bay^fune 22-25, igro. 
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In Table I above, is given a summary similar to the one pub- 
lished for the 1909 swings' and the explanations given there also, 
in general, apply here. The values of the magnetic declination are 
the mean results of two swings (port and starboard helm) made be- 
tween 5:45 and 7:18 P. M., June 22d, and of one swing with port 
helm, between 5:09 and 5:53 A. M., June 25th. The three swings 
represent a total of about i^ hours observational time and the 
value for any one heading is the result of about 1 1 minutes work 
with the compasses on board the *' Carnegie,'* already described. 
The values in the second column were obtained by Messrs. W. J. 
Peters and E. Kidson working with the Marine Collimating Com- 
pass at observing position A on the bridge. The figures in the 
next column are the result of Dr. C. C. Craft's work with the 
Deflector Compass in the aft observatory, position C; they show 
about twice the range of those in the preceding column, but they 
depend upon only half the number of readings and were obtained 
with an admittedly inferior declination instrument. 

The next two columns give the results of Dr. Craft's dip and 
intensity observations with the ship dip circle No. 189, in the for- 
ward observatory, position B, on two swings (starboard and port 
helm) made on June 23d, between 10 A. M. and 2:30 P. M. On the 
first swing, absolute dips with one needle were observed on each 
heading, consuming 10 minutes time, and on the return swing, 
deflected dips, as also total intensities, with both short and long 
deflecting distance, were obtained on each heading, 18 minutes on 
the average being required. No better results than those tabulated 
could be obtained on land with the average dip circle in the same 
amount of time. From the dips and the total intensities, the hori- 
zontal intensities given in the next column for position B are 
derived. 

Finally are given the values of the horizontal intensity ob- 
served directly by Mr. E. Kidson with the "Deflector Compass** 
(same as used on the " First Cruise ") in the aft observatory, posi- 
tion C ; the observations were made on June 23d simultaneously 
with those at B, The average time consumed on each heading 
was II minutes; by multiplication of readings, the accuracy could 
readily have been increased. 

All corrections, as far as known at present, have been applied 
to the tabular results, viz. : correction on account of diurnal varia- 

> Terr. Mag., Washington, D. C, v. 15, No. 2, June, 1910 (63). 
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tion and reduction to the standards of the Department. Satisfac- 
tory as the results are, it is possible to make still further improve- 
ment in the dip and intensity results owing to the duplicate method 
of observation — equivalent to measuring the three angles of a tri- 
angle and thus admitting of an adjustment of the observed values. 
At B both dip, /, and total intensity, F, are obtained and, by com- 
putation, H, horizontal intensity; at C, H is observed directly. 
But, in the absence of appreciable deviations, another value of the 
dip can be obtained by computation from F and //, viz. : 

cos I=H/ F 

Instead of carrying out a rigorous, mathematical adjustment be- 
tween the various observed values, it is sufficient to improve the 
directly observ^ed dip by combining it with that derived from the 
intensity observations. With this improved dip, the horizontal in- 
tensities for position B are then re-computed from the total inten- 
sities and combined with the directly observed value of H. As 
already pointed out,* the error of level of ship dip circle on the 
gimbal stand will, aflfect the observed dips. This error can not be 
eliminated by multiplication of readings or of needles; owing to 
the precautions takea on the ** Carnegie,"* this source of error is 
generally less than the observation error. It is, nevertheless, very 
desirable to have a totally independent method of getting dips and 
that we have accomplished as explained above; the results from 
this second method are termed briefly the "intensity inclinations," 
to distinguish them from the "directly" determined ones. The 
adjusted values of / and H for the 1909 swings are likewise 
given. 

We can now pass to table III containing the adopted values of 
the magnetic elements resulting from the swings of 1909 and 19 10. 
In taking the mean of the declinations observed at positions A and 
C double weight is given to the results at A because of the superi- 
ority of the instrument at this place, and also because this position 
is in the most favorable place on the vessel as far as possible dis- 
turbing influences are concerned. West declination is counted 
negative and inclination of north end of dipping needle positive, if 
below the horizon. 

Let us next form a table of residuals by subtracting the mean 
results at the bottom of Table III from the results for the individual 

* Terr. Mag., Washington, D. C, v. 14, No. 4, Dec, 1909 (165;. 
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headings of ship. Plus sign means West Declination observed on 
heading, is less than mean of entire swing, also that inclination of 
north end of dip needle is greater and that likewise intensity of 
magnetic force is greater than mean of entire swing. The intensity 
residuals are expressed in units of the fourth decimal C. G. S., 
whereas those of declination and of inclination are given in terms 
of whole minutes. 



Table IV, Residuals {v)^ from Mean Results of'' Swings" in 
Gardiner's Bay, igog and igio 
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Supposing the residuals above to be due entirely to observa- 
tional errors, and not, in any way, caused by possible devia- 
tion errors, then the mean error of a result on a single heading, 
representing observations for any one element covering, on the 
average, one-third of an hour, is 



m 



_ r 2 v' 



and the mean error of the mean result of a swing composed of 8 
equidistant headings : 

tn 

In the table, i y = o.ooooi C.G. S. 

2 
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Magnetic Element 



m 

(Single Heading} 



(Eight Headings) 



Declinatiou, 
Inclination, 



Horizontal Intensity, 
Vertical *' 

Total 



±4^ 



--^'"^ = ^ 76^ " 






-457 = r^ 7 

±507 = ± 



250 

I 



1200 



±'3> = ±r4^" 



-'^-^'i^'' 



:l87 = ± F 

3300 



The probable errors would be yi of the tabular quantities. Grati- 
fying as is the exhibit in Table V of the perfection of the ''Carnegie'* 
magnetic work, the figures in reality minimize the actual accuracy 
attained. Looking carefully over the residuals given in Table IV, 
it would appear that the accuracy of the swing observations has 
even been sufficient to reveal, almost without doubt, the existence 
of deviations on the order of the errors of observation. See, for 
example, the general agreement in the declination residuals given 
separately for 1909 and 1910; a deviation error which, in the maxi- 
mum, amounts to about 6' appears to be revealed ; in general this 
error is less than 2' or 3'. Analyzing the results, it is found that 
the source of this small disturbing influence is located aft of the 
observing positions and on the port side — this is the general location 
of the unavoidable magnetic material in the auxiliary propulsion 
plant, as also the storing place of the various magnetic outfits used 
chiefly for shore work. A small disturbing eff*ect is also shown in 
the other elements but not quite as pronounced as in the declination. 
Anyway, by taking account of possible deviation errors, the mean 
errors given above might readily be reduced. This we shall not 
do now, however, for the reason that it will be safest not to apply 
any deviation corrections until the completion of the present cruise 
of the '* Carnegie " when a sufficient number of swings, similar to 
those in Gardiner's Bay, will have been obtained in various parts 
of the globe. It is sufficient to know that, even including possible 
deviation errors, the magnetic results obtained on board the " Car- 
negie " possess an accuracy sufficient for all purposes — both prac- 
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tical and theoretical. If necessary, an accuracy, as shown by the 
values of fi above, which approaches that of first-class land magnetic 
work, can be obtained with the comparatively simple instruments 
and methods used on this vessel. In general, the accuracy of the 
sea results, as it is not possible always to choose the most favorable 
time and conditions, will be on the order of the values of m. 
[The last section of this article, dealing with the local disturbances 
in Gardiner's Bay and vicinity, also opens up the possibility that a 
part at least, if not even the major part, of the residuals given in 
Table IV may have to be referred to real differences in the mag- 
netic elements for the varying places of the vessel during her 
swing, and not chiefly to actual ship deviations.] 

But now we come to the supreme test of the possible accuracy 
of ocean magnetic work — the comparison of the mean results of 
1909 and 1 9 10 with each other. The values for Gardiner's Bay are 
the bottom figures of Table III ; those for the land observations at 
Greenport, Long Island, in 1909, are the ones already published^ 
and the 19 10 values are as obtained by Messrs. Craft and Kidson, 
June 1 1, 14, 15, 1910. All values have been referred to the standard 
instruments of the Department and have also been approximately 
corrected for diurnal variation of the magnetic elements. West 
declination is regarded as minus. 

The splendid agreement in the secular variation changes de- 
rived separately from the sea and the land observations, for an 
interval of somewhat less than a year, as shown in the last 
columns of Table VI, has not been excelled by any land magnetic 
survey work which has thus far come to my attention. 

Local Disturbance around Gardiner's Bay. 

In the article on the " Complete Results of the First Cruise 
of the * Carnegie,' " contained in the previous issue of this journal, 
evidence was given on page 66, showing that the region about 
Gardiner's Bay is locally disturbed — the local irregularities mani- 
festing themselves chiefly in the magnetic declination. In Table 
VII, I have tabulated the results of all observations made thus far 
\n this region by the observers of the Carnegie Institution of Wash- 
ington. The values have been referred to the same standard instru- 
ments, and corrections have been applied on account of diurnal 

} Terr. Mag.y Washington, D. C, v. 15, No. 2, June, 1910 (70). 
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variation. The reduction to the epoch 19 10.5 has been made with 
the aid of the data in the last column of Table VI. West declina- 
tion has been g^ven the minus sign. 

The various combinations of the individual land stations, des- 
ignated as I, II, III, IV, all fall within about one mile and less 
of the spot where the '* Carnegie'* made her special "swing ob- 
servations '* of 1909 and 1 9 10, and yet, a range of one-third degree 
is shown in the value of the magnetic declination, whereas, nor- 
mally the results should have all agreed within about i minute. 
The mean of the ''Carnegie's*' observations in Gardiner's Bay are 
given as No. V, at the bottom of the table, and it will be seen that 
they agree as well with the land combinations (I to IV) as could 
be expected, in view of the existence of the local irregularities. 
Thus, once more we have afforded evidence of the perfection of the 
"Carnegie" work. 

In view of all the facts presented, it would seem that we are 
amply justified in drawing the following conclusion: 

The problem of determinhig the magnetic elements at sea, with 
all necessary accuracy, has been solved on board the " Carnegie^ 

Carnegie Institution of Washington, 

Department of Terrestrial Magnetism, 

fuly 2jd and August 5, igio 
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MAGNETIC CHART CORRFXTIONS FOUND ON FIRST CRUISE OF THE 

-CARNEGIE," 190^1910. 
By L. A. Bauer and W. J. Peters. 

The preceding issue of the Journal, pp. 72-77, gave the values of the magnetic ele- 
ments obtained by the " Carnegie," and a general statement was made regarding the chart 
corrections. To convey an idea of the distribution of the corrections, these tabular ex- 
hibits are given, the number for each entry corresponding to that used in the previous 
article. 

Table L— Chart Corrections found on ''First Cruise,'' 1909-J910. 
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GLOSSARY OF ATMOSPHERIC ELECTRICITY TERMS. 
By W. W. Strong. 

In this collection of terms used in connection with atmospheric 
electricity, especial attention is given to such which relate to ionization 
and radioactivity as it is in this direction that the greatest advances are 
being made. 

In designating the various products of any radioactive family of 
elements, the order of the products will be that of their formation. In all 
other cases, the order will be an alphabetical one. 

References used are: G for Gockel's "Die Luftelectricitat " ; M. &S. 
for Mache & Schweidler's '* Die Atmospharische Electricitat " ; Ruther- 
ford's " Radioactivity " and Thomson's " Conduction of Electricity 
through Gases." 

a Particle. A positively charged body shot out from many radio- 
active products with a velocity almost equal to that of light. The a par- 
ticles of the various radioactive products differ only in velocity and, 
as far as known, they consist of helium atoms, each carrying two units 
of positive electricity. They are deviated by electric and magnetic fields ; 
they ionize a gas through which they pass ; they affect a photographic 
plate and produce scintillations when they strike a layer of some phos- 
phorescent substance. In the latter effect each a particle produces a 
scintillation. The velocity of the a particles emitted by any radioactive 
product is the same for all of them. The ejection of an a particle from an 
atom of the radioactive product is followed by a recoil of the parent atom 
in the opposite direction to that of the velocity of the a particle. At the 
same time the parent atom is transformed into a new radioactive product. 
In passing through matter, the velocity of the a particle decreases and, 
when it falls below 0.82 (10)9 cms. per second, it loses its charge, its power 
to produce phosphorescence, to affect a photographic plate and to ionize 
the molecules in its path. The distance which the a particle will traverse 
in air under standard conditions of pressure and temperature is known as 
its ruii^e. 

a Rays. A beam of a particles going in the same direction constitute 
a ray. As the a particle is of atomic size, it pursues practically a recti- 
linear course and the absorption of a beam of a particles consists almost 
entirely in a loss of speed with little change in direction. For this reason 
it is comparatively easy to study the motion of an individual a particle 
whereas /3 particles have been almost entirely studied as constituting 
a beam or ray. The following table g^ves the range and the ionizing 
power of the a particles from several radioactive products. 
3 145 
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Range in Total Numbbr op Ions 


Centimetbss 


PRODCCBD 


350 


1.53 (10)5 


I 4.33 


1.74 (10)5 


4.83 


1.87 (lO)5 


7.06 


2.37 (10)5 


3.86 


1.62 (10)5 
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Radioactive Product 
Radium 

Radium Emanation 
Radium A 
Radium C 
Radium F 

Absolute. See Units. 

Absorption. This term is used in connection with the disappearance 
of ionization in a gas or of the decrease in intensity of beams of a, /3 or 7 
rays or electromagnetic radiations, a rays traverse matter with very little 
deviation in their course, gradually losing their kinetic energy and when 
their velocity falls below a certain critical value they lose their charge 
and are said to be absorbed. Their penetrating power varies inversely as 
the coefl5cient of absorption and roughly depends only on the amount 
of matter in their path and not upon its chemical state. On the other 
hand the jS rays are greatly scattered and diffusely reflected although 
their penetrating power is roughly a hundred times that of the a rays. 
/3, 7 and X-rays are approximately absorbed according to an exponential 
law, i. e., if /© is the original intensity and d is the distance from the 
source, then the intensity / at the distance d is /= /q e—^, where e is 
the base of the natural system of logarithms and X is a constant, the 
coeflBcient of absorption. X is approximately independent of the chem- 
ical state of the substance, depending however upon the density and the 
atomic weight of the absorbing matter. The absorption of light depends 
very much upon its wavelength and upon the chemical state ot the ab- 
sorbing body, thus differing fundamentally from the a, j9, 7 and 3 rays. 
For each wavelength of light there will be a coeflBcient of absorption 
for each compound of any substance. 

Actinium. A radioactive element discovered in pitch blend by 
Debierne in 1900. It is closely allied to thorium in its chemical proper- 
ties, though it is many thousand times as active. It is the same as the 
" emanium " discovered by Giesel. 

Radioactinium. The first product in the decay of actinium. • It emits 
a and /3 rays and has a period of 19.5 days. It is separated from actinium 
solutions by precipitating with sodium thiosulphate. 

Actinium X. This has a period of 10.2 days. Actinium itself is 
insoluble in ammonia, whereas Actinium X is soluble. 

Actinium Emanation. Behaves as a gas, condensing between — 120® 
and — 150° C. It emits a rays and has a period of 3.9 seconds. 

Actinium A. A solid, emitting easily absorbed /3 rays and has a 
period of 36 minutes. 

Actinium B. A solid ; Actinium A and B volatilize at 100° C. and 
can be separated by electrolysis. The period of Act. B is 2.15 minutes. 

Actinium C. Emits /3 rays and has a period of 5.1 minutes. 



Digitized by 



Google 



ATMOSPHERIC ELECTRICITY TERMS 147 

Activation. Several products of the radioactive elements are gases, 
called emanations. When the emanations are transformed into solid 
products, these solid products are deposited on any solids in the neigh- 
borhood. These products being themselves active, are known as active 
deposits ; the act of forming them is known as activation. Usually the 
presence of a negative charge aids very greatly the forming of an active 
deposit. 

Active. Any substance that emits a, j9 or 7 rays is said to be active. 
Practically all ordinary substances are slightly active due to the presence 
of very small amounts of the radioactive elements, especially radium. 

Activity. The activity of any radioactive product is a quantitative 
measurement of its radioactivity. At present there is no standard method 
or unit for the measurement of activity. It may be measured by the 
amount of a, ^ or 7 rays it emits, by its ionizing power or by its action 
on a photographic plate. 

Alpha particles or rays. See a. 

Ampere's law. This gives the relation between a current and the 
resultant magnetic field. As a moving charge is equivalent to a current, 
Ampere's law is often referred to in connection with the motion of a and 
ft particles and of the various kinds of ions. 

Angstrom unit for tenth meter is i/io'o meter. 

Anode. The positively charged electrode; especially used in con- 
nection with electrolytic cells and vacuum tubes. 

Arrestor. See Lightning. 

Arrhenius. See Lights. 

Aspirator. An instrument for measuring the electrical conductivity 
of the air. In the form most generally used it is known as Gerdien's 
aspirator or conductivity apparatus, and consists of a large metallic cylin- 
der in which there is a smaller charged cylinder connected with an 
Elster-Geitel electroscope. Knowing the capacity of the inner cylinder 
and its charge in volts when it is discharged into the air, it can easily 
be calculated what the conductivity of the air between the cylinders is. 
SeeG. p. 23; M. &S. p. 66. 

Aurora Borealis. See Lights. 

/3 Particles. Negatively charged bodies of very small mass that are 
emitted by radioactive substances with a velocity almost equal to that of 
light. So far as known all p rays consist of electrons, all electrons being 
identical in volume, mass and charge. The only difference in the /3 rays 
of different radioactive products would be a difference in velocity of ejec- 
tion. In the case of a rays it was stated that individual a particles could 
be experimented with, but, at present, only rays of /3 particles have been 
investigated. The value of e/mo where e is the charge and Wo the value 
of the mass at rest for the /3 particle, is 1.730 (io)7. The /3 particle has 
its mass increased when its velocity approaches that of light. 
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Benndorf. See Electrometer. 

Beta. See ^. 

Birkeland. See Lights. 

Borealis, Aurora. See Lights. 

c. Often used in formulae connected with radiations to express the 
velocity of light. 

Canal rays. Positively charged bodies of atomic size moving with 
very great velocities. They are found in vacuum tube discharges. See 
Stark's numerous papers in the ** Physikalische Zeitschrift." 

Capacity of a conductor. The numerical value of the charge on the 
conductor when its potential is unity and all the other conductors in the 
electric field are at zero potential. The specific inductive capacity is the 
ratio of the capacity of a condenser when the region between its plates 
is entirely filled by the given dielectric, to the capacity of the same con- 
denser when the region between its plates is entirely filled with air. As 
far as known this specific inductive capacity is independent of the elec- 
tric intensity. 

Cathode. The negative electrode; it is used in connection with 
electrol3rtic cells and vacuum tubes. 

Cathode rays. Negatively charged particles emitted by the cathode 
with a very great velocity during vacuum tube discharges. The par- 
ticles are also spoken of as corpuscles aud electrons. As far as known 
they are the same as the /3 particles and constitute a part of the atom of 
every element. For a fuller description see Electron. 

Chamber, ionization. A closed space containing an ionized gas 
whose ionization is to be measured. Ionization chambers usually con- 
tain two electrodes, and the ionization of the enclosed gas is measured 
by the electric current that flows between the electrodes. 

Collectors. Used as the electrodes for the measurement of the 
potential gradient of the air. Kelvin's water dropper, flames and radio- 
active substances are used in order to bring the potential of the electrode 
as near that of the air as possible. See G. p. 66. 

Condensation. If air, saturated with water vapor is suddenly ex- 
panded, a cloud of small globules of water is formed, the water condens- 
ing about dust particles as nuclei to form drops. If v^ is the initial 

volume of saturated air, and V2 the volume after expansion, then if — is 
less than 1.25, there is no condensation in dust free air. If the air is 
ionized, when — = 1.25 there is a sudden production of cloud due to con- 
densation on the negative ions present. When — reaches 1.31 the posi- 
tive ions begin to act as nuclei. 

Condenser. Two conductors insulated from each other and placed 
near together, form a condenser. Gerdien's and Harm's condensers 
have an adjustable capacity. 



Digitized by 



Google 



ATMOSPHERIC ELECTRICITY TERMS 149 

Conductivity apparatus. See Aspirator. 

Corpuscle. For several years after the discovery of the nature of 
the cathode rays, some writers used the term corpuscle in referring to a 
cathode ray particle carrying a unit negative charge and possessing a 
charge equal to 1/1700 that of the hydrogen atom. The term electron 
was applied to a particle carrying the same charge, whose mass was en- 
tirely electromagnetic. As it seems possible, however, that the mass of 
the so-called corpuscle is electromagnetic, there is no need for any dis- 
tinction so that, at present, electron is used for naming the cathode ray 
particles, the /3 particles, « particles, etc. 

Coulomb's law. States that two charged bodies of the same sign at a 
distance apart r (where r is large compared with the linear dimensions 
of the bodies), repel each other with a force, F, proportional to the prod- 
uct of the charges and inversely proportional to r^. 

Crookes' dark space. See Discharge. 

3 Rays. Consist of /3 particles moving with a velocity of about 10 « 
cms. per second. The number of /3 particles emitted as 3 rays per gram 
of radium per second is 4.4 (io)m. d rays are believed to play an im- 
portant role in many ionization phenomena. 

Decay. Refers to the decrease in the activity of a radioactive sub- 
stance with the time. See Disentegration. 

Density of charge. May refer to surface density of the electric 
charge (<r) per unit area of the surface or volume density (p) per unit 
volume. 

Deposit. Refers to the radioactive matter that accumulates on solid 
bodies (especially if negatively charged) when exposed to the gaseous 
emanations of thorium, radium or actinium. 

Diffusion. Ions near a conducting surface are attracted towards it 
by the charge on the surface which they induce. Some of these ions 
will give up their charge to the surface and thus the potential gradient 
near the conductor is changed. Ions from neighboring regions of the 

gas will diffuse into this region, the rate of diffusion will be « ^—5 where 

K, the coefficient of diffusion, n is the number of ions per unit volume, and 
X is the direction normal to the conducting surface. 

Dielectric. A medium that transmits electrical eflfects without any. 
conduction. To be a perfect dielectric no free movement of ions within 
the body can take place when the body is placed within an electric field. 
The dielectric constant («) is the constant that enters the equation repre- 
senting Coulomb's law, F = k Ci e2 /r^ . For air k is arbitrarily defined 
as unity. 

Discharge, electric. Takes place between electrodes when the elec- 
tric field is strong enough to produce ions itself. Such discharges are 
accompanied by heat and light effects. The potential difference at which 
the discharge takes place depends on the distance (d) between the elec- 
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trodes, the pressure and the nature of the gas. The interval between the 
application oi 2i potential difference {p. ^.) greater than the spark potential 
and the passage of the spark is called the lag of the spark. The sparking 
potential difference is practically independent of the material composing 
the electrodes except in the case of Al and Mg. When the spark length 
falls below a certain value which varies inversely as the pressure of the 
gas, the potential difference necessary for sparking has a minimum value, 
known as the critical spark length. Paschen's law states that p. d. is a 
constant, p being the pressure of the gas and d the spark length. 
In gases, at low pressures, the luminous phenomena connected with 
electric discharges are very numerous and intricate and have been 
studied by many investigators. The terms oftenest used are as follows : 
the Crookes dark space, a dark region at the cathode, the thickness ol 
which does not depend upon the distance between the electrodes; next 
to the Crookes dark space is a luminous glow called the negative glow 
which is in turn followed by another dark space, the Faraday dark space; 
from the Faraday dark space to the anode there are usually alternate 
luminous and dark spaces known as the positive column. 

Disintegration. The radioactivity of each one of the radioactive 
elements is accompanied by the production of a series'of new substances, 
possessing characteristic physical and chemical properties. Each one 
of these substances is known as a trans/ormatiofi product. Each product 
is believed to be a distinct chemical element. The products are formed 
successively and presumably each successive product is formed from 
the preceding product after some fundamental atomic change has taken 
place. The whole series of changes constitutes the disintegration of the 
parent element. Each change takes place according to the same law as 
mono-molecular reactions in chemistrj', i. e. : if No is the initial number 
of particles of the product undergoing transformation, then at a time / the 
number of unchanged particles is iV = Ne—^^, where X is the constant 
of change. Since dN/dt = — \N, the rate of transformation depends 
on the amount of unchanged matter present. Most of the transformations 
are accompanied by the ejection of an a or /3 particle. The time required 
for N/No to decrease to one-half is called the period or half-life period 
of the product. For a full account see Rutherford's ** Radioactivity." 

Dispersion apparatus. Consists of a charged body, the dispersion 
body, connected with an electroscope by means of which the rate of dis- 
charge of the charge into the air can be measured. The instrument best 
known is the Elster-Geitel dispersion apparatus in w^hich an Exner alu- 
minium leaf electroscope is used. See M. & S., p. 52. Schering disper- 
sion apparatus is a slightly modified form of the above. 

Dissipation refers to the rate an electric charge is discharged into 
the air from a charged body. The dissipation factor is the per cent of 
the charge of an exposed body that is neutralized per minute. 
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Dolezalek. See Electrometer. 

e. Commonly used in equations containing an exponential as re- 
ferring to the base of the natural system of logarithms. It is then a pure 
number and has the value 2.71828. Used in connection with electrical 
quantities'^ refers to the unit charge of electricity which is 4.65(10)— »«> 
electrostatic units. This is the smallest known charge of electricity and 
as far as known all electric charges are multiples of this. 

Ebert. See Ion counter. 

Electric. See Field. 

Electrode. The end of a wire leading to a battery or vacuum tube. 

Electrodeless discharges. Produced by placing a tube*containing a 
rarefied gas into a rapidly alternating electric field. 

Electron. As usually considered is a mathematical conception that 
explains the properties of the cathode ray and ^ particles. As an example 
of the mathematical definition, of an electron, the definition of the Lorentz 
electron will^be given. To each electron definite dimensions in the ether 
are g^ven. The ether is assumed to pervade not only atomic spaces but 
the spaces within atoms and electrons. This ether is at rest and at every 
point possesses an electro-magnetic field. Lorentz assumes a volume 
density (p) distribution of charge such that p is a continuous function of 
the co-ordinates. The electron has no sharp boundary but is surrounded 
by a thin layer in which the density falls from p to o. The electron 
having been thus defined, equations can be formed for the electric and 
magnetic fields^for any region in which there are electrons either at rest 
or in motion. (For a full description of the I/orentz electron see "The 
Theory of Electrons" by H. A. Lorentz, Leipzig, 1909). Different concepts 
of the electron have been used by Abraham, Thomson, Bucherer and 
others. The*term electron is now used for the cathode particle, /3 particle, 
3 particle, any negatively charged body whose mass is less than that ot 
the hydrogen atom. A corresponding bodj' carrying a positive charge 
is a positive electron. No free positive electrons have been discovered, 
although there are spectroscopic evidences of their existence in some 
atoms. Except when the velocity of the electron becomes very great, its 
mass {ffio) is about 1/1700 that of the hydrogen atom. The value ol 
e/ffixi as determined by Bucherer is 1.730 (io)7 electromagnetic units. 

Elster andJGeitel. See dispersion. 

Electromagnetic field. Refers to the combined electric and mag- 
netic fields. 

Electromagnetic units. See Units. 

Electrometer. An instrument for measuring differences of potential 
and includes electroscopes as one of the forms. Only a few forms of 
electrometers will be given. The absolute electrometer consists of a 
charged disc whose potential is measured by obtaining its attraction 
towards another charge by means of a balance. The Bichot and Blond- 
lot electrometer'Jis of this design. The capillary electrometer of Lippmann 
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and of Dewar depends on the fact that the surface tension between mer- 
cury and sulphuric acid depends on the polarization of the surface. The 
quadrant electrometer of Kelvin and improved by Dolezalek consists ot 
a needle swinging between four metallic quadrants, each diagonal pair 
of quadrants being connected with a constant source of electric potential. 
-The angular deflections of the needle are proportional to its changes ol 
potential. The Wulf electrometer consists of two silvered quartz fibers 
which separate on being charged. The Lutz electrometer is also a quartz 
thread instrument. 

Electroscopes. Consist of a narrow strip of thin metal foil (usuallj' 
aluminium or gold) joined to the charged body. The instruments are 
used to measure changes of potential. A large number of different forms 
have been devised. The ordinary form consists of two strips of gold leaf 
hanging together on one strip fastened at one end to a rod. HankeVs 
electroscope consisted of a gold leaf hanging between two electrodes. 
Curie's form of electroscope included an ionization chamber. Wilson's 
electroscope was made so that the metal part holding the charged gold 
leaf system could be kept at a higher voltage than the gold leaves, 
thereby preventing any leak over the sulphur insulation. Wilson's tilted 
electroscope consists of a straight electrode which is charged. This elec- 
trode attracts an earthed gold leaf. Wilson's portable electroscope or 
electrometer is quite complicated, but the electroscope proper is of simple 
design. Strong's curved rod electroscope is of the same plan as the 
Wilson tilted electroscope. Exner's electroscope is used largely in dis- 
persion, conductivity and other atmospheric electrical instruments. It has 
a vertical rod on each side of which is attached a strip of aluminium leaf 
The electroscope is portable, two rods sliding in and holding the alu- 
minium leaves in position. Gerdien has used a similar electroscope for 
measuring excited radioactivity. Schmidt also has a complete set ot 
apparatus lor measuring radioactive deposits or emanations. Wiechert 
has devised a portable electroscope in which the deflection of short sil- 
vered quartz filaments gives the potential of the instrument. The elec- 
troscope can be transported and remain charged all the time. 

Electrostatics. Has to do with the measurement of charges of elec- 
tricity. For electrostatic units see Units. 

Emanation. The name given to the gaseous product of any radio- 
active series. There are the actinium, radium and thorium emanations. 

Emanium. See Actinium. 

Entladungstrahlen. Are radiations emitted by sparks, the exact 
nature of which is not known. 

Equipotential surface. A surface that would require no work to 
carry a charge from any point to any other point on its surface. 

Exner. See Electroscope. 

Excited activity. See Deposit and Activation. 
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Exponential expressions. Consist of terms raised to certain powers 



as 

Faraday dark space. See Discharge. 

Faraday tubes. See Tubes. 

Field. A portion of space at each point of which some physical 
quantity has a value. The values of this physical quantity are usually 
expressed as a function of the co-ordinates. An electric field exists at 
any point if a charged body placed at that point is acted upon by an 
electrical force. If the charge at the point is a unit positive charge and 
the field is unaffected by the presence of this charge, then the numerical 
value and direction of the electric force at that point defines the electric 
field and gives the value of the electric intensity at that point. A mag- 
netic field is defined in a similar manner. 

Fleeting. See Nuclei. 

Fluorescence. The property of some substances to emit light when 
properly stimulated. It is closely related to phosphorescence. The latter 
persists a short time after the stimulation has ceased, whereas fluo- 
rescence stops as soon as the excitation stops. Solids phosphoresce, 
whereas liquids and gases fluoresce. 

Galvanometer. An instrument for measuring electrical currents. 
A large number of different kinds are on the market. 

Gauss's theorem. States that the normal electrical induction over 
any closed surface drawn in an electric field is equal to 4 t times the total 
charee of electricity inside the closed surface. 

Gerdien. See Aspirator and Electroscope. 

Gradient. See Potential. 

Guard ring or plate. Is a metallic earth-connected ring or plate 
placed to be very near the charged metallic body. The presence of the 
guard ring simplifies the calculation of the potential very much. 

Half-life. See Disintegration. 

Helium. A gas that is found to exist in certain minerals which are 
in almost all cases radioactive. It is also a component of the outer layers 
of the Sun and some of the stars. Helium is one of the products of dis- 
integration of radium and thorium. It is believed that all a particles are 
simply rapidly moving charged helium atoms. 

Induced radioactivity. See Deposit and Activation. 

Induction. The number of Faraday tubes of force that go through 
any g^ven surface. 

Insulation. Consists of non-conductors used to keep electric charges 
from being conducted away. 

Intensity, electric. See Field. The electric intensity vanishes at 
any point inside a closed equipotential surface that does not enclose 
any charge. 

Ion. Any particle of molecular size that moves in an electric field 
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or conducts a current Electroly-tic ions are found in electroly-tes and 
consist of chemical radicals with more or less of the solvent or electrolyte 
aggregated about them and carrying one or more unit charges of elec- 
tricity. Metallic ions are largely if not altogether negative electrons and 
possess the same kinetic energy as gas molecules at the same temperature. 
Ions in gases at low pressures may consist of negative electrons and ot 
positive and negative ions of molecular size. At atmospheric pressure 
they are only of molecular size or larger. The Langevin or ''large ** ions 
appear in ordinar>^ air and possess a mobility about a thousandth part 
of that of the ordinary ions produced by flames, incandescent bodies or 
by the various ionizing agents, such as a, /3, 7 and X rays. 

Ionium. See Uranium. 

loncounter, Ebert's. Similar to Gerdien's aspirator, only the outer 
cylinder is much smaller and a known volume of air is drawn through 
the cylinder per second. 

Ionization. The process by which ions are produced in any body. 
Ionizing agents are the a, jS, 7, 5 and X rays, ultraviolet light, the pro- 
duction of spray, the heating of solids, flames, chemical reactions and by 
the collision of molecules with rapidly moving ions. The exact nature 
of the process of ionization is not at present understood. 

Kathode. See Cathode. 

Kelvin. See Electrometer. 

Lag. See Spark. 

Life. See Disentegration. 

Lightning. At present no theory explains satisfactorily how elec- 
tric potentials suflBcient to produce lightning is acquired by the air. G. C. 
Simpson has shown that the splitting of large water drops causes the 
air and the small droplets to become highly charged. This breaking up 
of large drops in thunderstorms may explain the formation of some of 
the intense electric fields producing lightning discharges. 

Lights. The streamers and bands of the northern lights or aurora 
borealis are so similar to some of the phenomena accompanjdng the pas- 
sage of cathode rays through rarified gases, that most modern theories 
aim to explain the phenomena by the passage of cathode rays through 
the upper atmosphere. Arrhenius assumes that the Sun sends out nega- 
tive ions, which, repelled by light pressure reach our atmosphere, where 
they are discharged by ultra-violet light from the Sun. This is the 
source of cathode particles which move in spirals around the magnetic 
lines of force into the upper regions of the atmosphere, where they give 
rise to the Aurora. Nordmann assumes that Hertzian waves from the 
Sun, striking our atmosphere, produce cathode rays. Birkeland, on the 
other hand, assumes that the cathode rays come directly from the Sun. 

Lorentz. See Electron. 

Lutz. See Electrometer. 



Digitized by 



Google 



ATMOSPHERIC ELECTRICITY TERMS 



155 



Magnetic. See Field. 

Mesothorium. See Thorium. 

Mobility of an ion. The velocity {k\ it will acquire under a poten- 
tial gradient of one volt per cm. Ions move with a velocity propor- 
tional to the strength of field. On the application of the field, the ions 
almost instantly attain the velocity corresponding to the field and then 
move with a uniform speed. The value of k varies inversely as the pres- 
sure. The value of « for positive ions is usually less than for the nega- 
tive ions. 

Negative glow. See Discharge. 

Northern. See Lights. 

Nucleation. See Nuclei. 

Nuclei. A" and 7 rays produce nuclei as well as ions. These nuclei 
are detected by the production of a sudden expansion of the gas, so that 
there is a supersaturation of water vapor and a condensation upon any 
nuclei that are present. C. Barus has made a detailed study of nuclei 
(Publications Nos. 42, 62, of the Carnegie Institution of Washington) by 
using the coronas resulting from the passage of light through the cloud 
that is formed after the expansion. When nucleation and ionization are 
produced by the same process, the two are usually proportional to 
each other. The subsequent life-history of nuclei and ions are very dif- 
ferent. There are several kinds of nuclei. The dust-like or persistent 
nuclei may be separated from air by a cotton filter and require the 
smallest amount of supersaturation of water vapor. They often consist 
of foreign bodies in the air and can be produced by X and 7 rays of suf- 
ficient intensity. Fleeting nuclei vanish in a few seconds. When 
charged they are the ordinarj' ions. They can only be maintained by 
radiations and their size seems to depend on the kind of radiations. 
Colloidal nuclei of dust free air are always present in a gas, and are repro- 
duced as soon as removed. They require the greatest amount of super- 
saturation for condensation and are without electrification. They seem 
to be a structural part of the gas. 

Ozone. An allotropic form of oxygen represented by Oy On ac- 
count of its chemical activity it is very unstable. It is formed during 
lightning, electrical discharges, and by radioactive radiations. Ozone is 
believed to be formed in considerable amounts in the upper part of the 
atmosphere. 

Pair, neutral. Consists of a unit positive charge combined with a 
unit negative charge. The pair, for example, might consist of two /3 par- 
ticles rotating about an a particle. Some writers consider that neutral 
pairs play a very prominent part in ionization, and Braggs' theory of 
the 7 rays is that they consist of streams of neutral particles. 

Paschen's law. See Discharge. 

Penetrating power. See Absorption. 
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Penetrating radiation. A very penetrating ionizing agent that ap- 
pears to consist of 7 rays from the radioactive matter in the ground and 
in the air. 

Period. The time taken for a radioactive product to be half-trans- 
formed. See Disentegration. 

Persistent. See Nuclei. 

Phosphorescence. The power of some solids to emit light when 
acted on by a, jS or 7 rays or by ultra-violet light. It is distinguished 
from fluorescence in that it lasts some time after the exciting agent has 
ceased to act. 

Photoelectric effects. Exhibited by metals such as potassium, so- 
dium, lithium, magnesium, zinc, etc., which are discharged by light, 
especially ultra-violet light, when they are negatively charged. For a 
full discussion, see chapter on Photoelectric Effects, p. 250. Thom. Cond. 
Elec. through Gases. 

Polarization of a dielectric in the direction PQ. (Maxwell's electric 
displacement). The excess of the number of Faraday tubes which pass 
from P to Q over the number that pass from Q to P through a plane 
of unit area drawn between P and Q and perpendicular to P Q, 

Polar. See Lights. 

Polonium. See Radium. 

Positive column. See Discharge. 

Potassium. Has been found to be slightly radioactive, emitting a 
/3 like radiation. If it emits a 7 radiation, the presence of potassium in 
many rocks might be the source of a penetrating radiation of consider- 
able strength. 

Potential, electric. Is defined when the electric field is known. 
The difference in potential between two points is expressed in volts, and 
represents the amount of work that would be required to take a unit 
positive charge from one point to the other. The surface of the Earth 
is usually defined as having a zero potential. 

Products. The name given to the successive radioactive substances 
formed from a radioactive element. Evidence indicates that they are 
chemical elements. 

Radiations. A very broad term and includes all effects that are 
carried through space in a definite length of time. Among the various 
radiations are: electromagnetic radiations, including light and heat; 
A' and 7 rays; ft 3 and cathode rays consisting of streams of electrons; 
o, anode, canal, etc., rays consisting of rapidly moving charged particles 
of molecular magnitude ; possible streams of neutral particles : recoil 
rays, consisting of the recoil of the various radioactive atoms when a and 
/3 rays are ejected 

Radioactinium. See Actinium. 

Radioactivity. The science treating of the properties of the various 
radiations and products of the radioactive elements. 
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Radiothorium. See Thorium. 

Radium. Was discovered by Mme. Curie in pitchblende, and shown 
to have the properties of a chemical element. It is one of the products 
of the uranium disentegration. The atomic weight is 226.2 and in chem- 
ical properties it resembles barium. For the various radium products 
see Uranium. 

Range. See o Particle. 

Recombination of positive and negative ions. Causes the decrease 
of ionization when the source is removed. If n^ is the initial number of 

ions, then the number of ions («) at a time / is — = h « / where o is 

n fto 

the coefficient of recombination. The rate of recombination is dn/dt = 
a««. a has nearly the same value for different gases at different pres- 
sures until this pressure becomes less than o.i atmosphere. The effect 
of dust and small particles in suspension in the air is to allow the ions 
to unite with them and increase the rate of recombination. 

Roentgen. See X rays. 

Saturation current. One such that all the ions are swept out of the 
gas before having an opportunity to recombine. Increasing the intensity 
of the electric field does not therefore cause any increase of the current. 
The potential difference necessary to produce a saturation current is 
called a saturation p, d. 

Schering. See Dispersion. 

Secondary rays. Rays produced by primary a, /3, 7 or X rays. 
They may consist of /3 or 7 rays, and these in turn may excite tertiary 
rays. 

Spark. See Discharge. 

Thorium. Was discovered to be radioactive by Schmidt and Mme. 
Curie in 1898. Its period is not known. It emits a rays. Mesothorium 
has a period of 5.5 years and is rayless. It is separated from mesothorium 2 
by the use of ammonium compounds. Mesothorium 2 emits /9 rays and 
has a period of 6.2 hours. Radiothorium emits a rays and has a period 
of 2 years. Thorium X emits o and /3 rays and has a period of 4 days. 

Thorium emanation. An inert gas condensing at from 120** to 150** C, 
a few degrees higher than for the actinium emanation. It emits a and 
weak P rays and has a period of 54 seconds. 

Thorium A and thorium B. Form the active deposit of thorium. 
The former emits homogeneous /3 rays and decays to half value in 1 1 hours ; 
the latter emits a rays and decays to half value in 55 minutes. 

Thorium C and thorium D. Have not been thoroughly studied. 
The latter emits homogeneous /3 rays. 

Transformation. See Disintegration. 

Tubes of electric force. Consist of bundles of electric lines of force 
such that the electric intensities at any two points in a tube is inversely 
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proportional to the cross sections normal to the electric lines of force 
of the tube at those points. Tubes of force start from positive electrifi- 
cation. A unit or Faraday tube encloses a unit charge at each end. 

Units'of electrical quantities. Consist of two absolute systems, the 
electrostatic and the electromagnetic, and the practical system. The 
electrostatic system is based on Coulomb's law, /v = ^1^2/* ^^ • The 
electromagnetic system is based on the law of attraction and repulsion 
of two magnetic poles, /s«= tnitn^/tir^ . 

Ultraviolet light. Consists of wave lengths less than X 3000. 

Uranium. Was discovered to be radioactive by Becquerel, Feb., 1896. 
Its period has been very approximately estimated at (10)9 years. It emits 
a rays of 3.5 cms. range. 

Uranium X. Emits a rays (range 1.07 cms.), p and 7 rays and its 
period is 24.6 days. 

Ionium. Emits a (range 3 cms.) and p rays. 

Radium. Emits o (3.5 cms.) and ^ rays and has a period of about 
1500 years. 

Radium X. A product whose existence is not at present certain. 

Radium emanation. Has a period of 3.8 days, and emits a rays of 
4.33 cms. range. 

Radium A. Period 3 minutes; a rays of range 4.83 cms. 

Radium B. Period 26 minutes ; weak ^ rays. 

Radium C. Period 19 minutes ; a, /3 and 7 rays. 

Radium D or radiolead. Period 16.5 years. 

Radium E. Period 5 days ; /3 rays. 

Radium for polonium. Period 140 days; a and 5 rays. Lead is 
supposed to be the final product of radium. 

Water-dropper. See Collectors. 

Wilson. See Electroscopes. 

Wulf See Electrometer. 

X rays. Are emitted by vacuum tube discharges. See Radiations. 

Zamboni pile. A dry battery for giving charges of high voltage. 
A pile is usually made to give a charge of several hundred volts. 

Zinc-sphere photometer. An instrument for measuring photoelec- 
tric effects. 

Johns Hopkins University^ 
Baltimore, Maryland. 
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OBSERVATIONS OF EARTH-CURRENTS IN STOCKHOLM ON 
MAY 19, 1910, DURING PASSAGE OF HALLEY'S COMET. 

By D. Stenqvist and E. Petri. 

During the transit of Halley's comet across the Sun's disc on May 
19, 1 9 10, magnetic observations were made, on the initiative chiefly of 
Prof. Birkeland, at several places of the globe. The authors thought it, 
therefore, not uninteresting to have earth-current observations in this 
connection made at the Central Telegraph station in Stockholm. Two 
telegraph lines belonging to the Royal Swedish Telegraph Ofl5ce, Stock- 
holm - Goteborg and Sundsvall - Stockholm, were used. The geographic 
co-ordinates for these three places are as follows : 

Table I. 



Stockholm 
Goteborg . 
Sundsvall 



l,ATITUDE 

N 


Longitude 
K. ofGr. 


59^21^ 


18° 3' 


57 42 


II 58 


62 23 


17 19 



Before commencing the observations, the resistance of the line 
Stockholm - Goteborg was fixed at 2940 ohms, and that of the line 
Sundsvall - Stockholm 2336 ohms. At all three stations the earth-con- 
duction was accomplished by connection with the water- works' pipes. 
The current-strengths were measured with milliamp^remeters, whose 
scale value was o.i milliamp^re. The instruments proved correct within 
the errors of observation. 

The measurements were made during the interval 6^ 40™ to ^^ 45™ 
A. M., all times given being mid-European. The current-strengths 
observed during this period in the line Stockholm - Goteborg are shown 
in the curves I and II, abscissas representing the times, and positive 
ordinates (above the abscissa axis), current-strengths in the direction 
Stockholm -Goteborg. The curves III and IV show the current-strengths 
in the line Sundsvall -Stockholm, positive ordinates representing current- 
strengths in the direction from Sundsvall to Stockholm. The times were 
taken from the standard clock of the telegraph station. 

The potential differences expressed in millivolts per km. are calculated 
from the current-strengths expressed in milliamp^res by multiplication 

with -7-, r indicating the ohm-resistance and / the distance in kms. from 

end to end. The components V and V^ in the directions E - W and N - S 
are obtained from the formulae : 

2/ sin /3 — 7/ sin a 



V = 
V = 



sin (/3 — a) 

7/ cos a — V COS p 
sin (/3 — o) 
159 
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V = the potential difference in the Goteborg line expressed in milli- 
volts per km., 
7/ = the potential difference in the Sundsvall line, 
o = the angle between the directions Stockholm -Goteborg and E-W, 
p = the angle between the directions Sundsvall -Stockholm and E-W. 

From table I we obtain o = 26° ^o\ /3 = 96° 26'', the distance Stock- 
holm - Goteborg, 403 km. and the distance Sundsvall - Stockholm, 337 
km. When calculating both the components we consequently use : 

y = 7-73 ' — 3.32 i', 
y = 0.871 1 -f 6.60 r', 

/ and t^ indicating, respectively, the observed current-strengths on the 
Stockholm -Goteborg and the Sundsvall - Stockholm line. 

The values of y and F', expressed in millivolts per km., are given 
in Table II for the interval o^ 40*" to 3^ 45*" A. M., May 19, and in addi- 
tion, the calculated results as well of some single measurements made 
for three hours before the stated interval beginning at 9*^ 43" P. M., 
May 1 8th. 

The variations of F during the time o^ 40*" to 3^^ 45"! are shown by 
the curves V and VI, and the corresponding variations of F^ by the 
curves VII and VIII. 




r-"v- - ^"^'v.. 
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OBSERVATIONS OF EARTH CURRENTS 
TABLE If. 



i6i 



TiMK 




1 Time 




Time 




— 


Mid. Ear. 


V 


V 


Miilur. 


V 


V 


Millur. 


V 


v 


H . 


MiD. 


|Hrt.Min. 




Hrt.Min. 




P. .M. 




1, A.M. 






A.M. 






9 43 


-i-28.8 


- 8.6 I 25 

— 4-9 1 30 


—13-7 


+ 1.2 


1 2 14 


—13.4 


; -h20.2 


53 


—12.3 


— 3-4 


— 9-5 


1 


—32.2 


+56.6 


56 


—20.3 


— 5.0 . 33 


— 4.2 


-9.6 


15 


-16.5 


4-24.6 


57 


-261 


- 5.0 35 


— 11.7 


— 6.2 


16 


—14.9 


4-20.0 


58 


— i6.8 


-t 0.9 , 37 


4- 5-7 


—14.7 


1 18 


—11.9 


415.5 






39 


— 7.7 


— 0.9 


19 


— II.9 


+15.5 


10 00 


— 16.0 


- 8.8 1, 40 


— 2.1 


— 7-2 


20 


-14-3 


4-13.7 




— 14.0 


1 J I 

=:- \ 3 

Z\\l 45 


—30.2 


h2I.I 


21 


— 16.4 


+16.3 




-195 
— 22.1 


--20.0 


— 9.2 


I 22 


— 19.5 


4-16.0 


02 


—28.8 


4- 8.6 1 23 


-17.8 


4-12.7 




— 20.8 


— 6.2 


4- 4.2 1 25 


— 14.8 


-f-11.5 


10 


— 2.1 


-1 14.6 


-19.3 ,' 27 


— U.2 


4-13.8 


13 


-f 5-4 


-.9.0 1 47 


-r35-4 


-378 l| 28 


—22.4 


+17.0 


14 


-r 10.2 


— 12.2 1 


4-42.2 


—433 


1 ^^ 


—24.1 


+15.5 


16 
19 


4-4.3 

4- 80 


_ ^7 '1 47 
+ 8:5 ^ ^' 


-f537 
-f-36.8 


-49.8 
— 16.2 


1 3-^ 
1 31 


-23.5 
— 23.2 


4-12.7 

-hl2.I 


25 

26 

28 


-8.4 
—III 


4- 7.1 
+ 54 
— 0.6 


49 
, 50 
1 51 


-r 4r.6 

4-28.2 
438.8 


—17.7 

~ 7.3 
—12.3 


1 32 
33 

34 


— 22.5 
-26.5 
—26.6 


4 10.7 

4-13.8 

+ 12.3 


50 


-1- 5 4 
—20.5 


4- 0.6 
+ 8.^ 


I 52 


4 42.9 
4-61.6 


— IT.O 

— »52 


1 35 
1 36 


—28.2 
-16.5 


-t-17.1 
413.7 




^ ^ 1 53 


—58.6 


-19-2 1 37 


— 24.0 


4-16.8 






54 

-t- 9.7 l| 55 


H-68.I 


-21.6 


38 


—23.4 


+ 15.5 


II 00 


— 8.1 


-r52.8 


— lO.I 


39 


—24.2 


+ 15-5 


05 


^ 7.6 


4-190 |, 56 


4-46.7 


— 5-2 


40 


— 248 


-fi6.8 


07 


+ 9-4 


446.5 ' 


+29.4 


4- 9.6 


1 45 


—25.5 


4-16.7 


10 


+ 3.9 


4- 0.4 1 57 


4-21.5 


4- 5 9 


47 


— 14.7 


4-130 






1 58 


428.5 


4- 1.8 


54 


— 12.7 


+ 4.2 


A.M. 




i' 


4-18.5 


4-16.8 


55 


— I7.I 


-H 7.9 


22 


4-17.8 


- 2.9 '' 


4-15.1 


4-18.5 


56 


— II.O 


+ 5.7 


40 


— 15.4 


4 4-6 1 


rii.5 


4-20.9 


57 


— II.7 


+ 7.0 


45 


"55 6 


- 6.3 l| 


4 9.2 


^20.6 


58 


- 8.7 


4- I.I 


46 


-^3'.7 


4- 40 


1 


4 6.5 


4-21.0 


59 


-8.4 


+ 0.4 




-63.3 


— 71 


! 59 


-r 8.2 


4-12.8 








47 


-46.4 


— 5-2 




-f 1-3 


4 16.9 


3 00 


— 7-2 


+ 1-3 




4^11.6 


-f 1.3 


t 


— 4.7 


4-19.0 


1 01 


— 7.9 


4- 2.6 


48 


—47-9 


— 5-4 


1 






02 


-4- 0.0 


±1 00 . 


50 


-24.1 


— 1-5 


1 






03 


+ 1.6 


-t- 1.6 


55 


-16.5 


— 37 


' 2 00 


— 8.0 


+15.8 


04 


— 9.4 


4- 7.3 








02 


4- 7.3 


-4.8 


' 05 


-16.5 


4- 10.0 


I 00 


— 6.8 


-h 2.0 


03 


4-21.8 


— 5.9 


06 


-26.3 


4-11.7 


01 


— 10.9 


4-12.1 


04 


-M3.2 


4- 2.9 


07 


-16.6 


+ 3.7 


03 


-36 


-^ 2.3 


05 


+ 21.8 


— 4-5 


16 


— 0.4 


— 5.6 


07 


—13.3 


4-10.3 


06 


4-39.8 


— 9.5 




4- 5.0 


— 9.9 


09 


—14.8 


4 1 1.5 


08 


4-44.4 


-10.3 


17 


-f 3.6 


—13.5 




—23.1 


4-13-5 


10 


+41.9 


— 2.2 


1 23 


- 2.6 


—17.9 


10 


— 12.1 


4- 6.2 


1 


4-23.3 


4-22.2 24 


4-13.9 


-23.6 


II 


-17.0 


+16.8 


1 


4-16.3 


4-23.4 25 
4-25.5 26 


-J- 0.6 


—17.3 


13 


— 7.9 


4-15.8 


1 


-h 9.0 


4- 2.4 


—18.7 




4-1I.O 


— 4.9 


II 


-1- 0.7 


4-29.4 '1 27 


-^16.5 


— 206 


15 


+ 3-9 


4- 0.4 


1 


- 5.2 


+32.3 1, 28 


+ 2.1 


—10.3 


16 


— 5.9 


+ 7.0 


1 2 12 


-4.8 


4-22.5 1 30 


— 8.8 


—10.2 


20 


—16.9 


4- 9.3 




—10.3 


-^30.3 ' 37 


—30.0 


+ 64 


I 21 


— 21. 1 


-h 9.5 




-12.8 


4-30.2 || 3 45 

11 


— 16.9 


+ 2.9 



Meteorologiska Centralanstalten, Sweden, 
Stockholm, June -?, igio, 
5 



Digitized by 



Google 



MAGNETISCHE BEOBACHTUNGEN IN SEDDIN WAHREND 
DES KOMETENDURCHGANGS, 19. Mai, 1910. 

Von a. Nippoldt. 

Gestatten Sie mir, mitzuteilen, dass wir ira Observatorium zu 
Seddin, von Mai i6, o^ a. in. M. Gr. Z., bis Mai 21, Mitternacht, 8- 
stiindig, schnell laufend die Komponenten A", K, Z registriert haben. 
Die Emptindlichkeit betrug bei alien dreien 2 7 auf den mm. Von Mai 
20, 5^ a. ra. bis i*> p. m. und Mai 21, i^ p. m. bis Mn war der Licht- 
punkt fur Z unwirksam geworden ; es bot Z aber in dieser Zeit, wie 
Potsdam zeigt, nichts von besonderem Interesse. Irgendein eigentiim- 
liclies, nur bei schneller Registrierung erkennbares Phaenomen, das fiir 
einen Kometeneinfluss spriiche, lassen die Kurven nicht erkennen. 

Nach den iiblichen Registrierungen zu Potsdam, war am 17. Mai eine 
kleine, aber ausgepragte Storung, die sich von der ruhigen Umgebung 
scharf abliob. Die Eintrittszeiten ergeben sich am besten aus Z und 
zwar zu 3^ 18.3"*, M. Gr. Z., p. m., das Ende etwa 4^^ 25™, Amplitude 
'j.'j y; in //, 60 7; in D ist kein so scharfer Unterschied gegen die Umge- 
bung vorhanden. Diese Storung hat etwas Seltenes im Aussehen, da 
sie mit recht lebhaften Schwankungen auf kleinen Raum zusammenge- 
drangt ist. 

I ih a. m. am 18. Mai setzt eine massige, aber bis in den 19. Mai sich 
hinziehende Storung ein. Mai 19, 10^ a. m. bis i>^^ p. ra., ist in das 
Ganze wieder eine Sonderstorung eingesetzt. Fiir die Hauptstorung 
tritt der Maximalwert um 4^ o™ p. m. ein; hier nach Z Potsdam der 
Ursache am nachsten. 

Das zeitliche Zusammen fallen der Storung mit dem Durchgang 
durch den Schweif beweist noch nichts iiber die ursachliche Verbin- 
dung. Der Durchgang dauerte nicht so lange, wie die Storung. Die 
magnetische Storung vom 18./ 19. hat einen Vorlaufer, wie sehr viele 
Storungen solaren Ursprungs. Die Leuchtkraft des Schweifes war so 
gering, dass er nur in den Tropen und Subtropen in grosserer Ausdeh- 
nung zu sehen war. Dies spricht iiberhaupt fiir eine geringe Energie 
und somit auch fiir recht schwache ionisierende Krafle in den vom 
letzten sichtbaren Ende noch weit enfemten Luftregionen. 

Das Potsdamer Material steht auf Anfrage den Fachkollegen geme 
zur Verfiigung, mit alien zu seiner Verwertung notigen Daten. Die 
Storung wird ausserdem in Kopien allgemein verbreitet werden. 
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MAGNETIC OBSERVATIONS AT CHELTENHAM. MARY- 
LAND, MAY 15 TO 20, 1910. 

By R. L. Paris. 

From the i6th to the 20th of May last, special registration of the 
three magnetic elements, were made at the Coast and Geodetic Survey 
magnetic observatory at Cheltenham, Maryland, in response to a request 
received from Dr. Nippoldt. of the Potsdam Magnetic Observatory. The 
geographic co-ordinates of Cheltenham are : latitude 38° w^ N, and longi- 
tude 76** ^of^ West of Greenwich; the observer-in-charge is J. E. Bur- 
bank. These special registrations were made for the purpose of ascer- 
taining what, if any, effect the passage of Halley's Comet might have 
upon the Earth's magnetic field. It will be recalled, that Birkeland had 
sent out a special circular calling for magnetic and allied observations, 
in order to further test his cathode ray theory of magnetic storms. 

The special registrations consisted in increasing the time scale ot 
the photographic traces (the magnetograms) to six centimeters per hour 
instead of the usual time scale of two centimeters per hour, or, in other 
words, from three minutes per millimeter to one millimeter per minute. 
This particular time scale was selected in accordance with the sugges- 
tion of Dr. Nippoldt; he thought it desirable to have a time scale that 
could be more accurately read, and yet be not of such magnitude as to 
unduly elongate and hence probably obscure any slight oscillations ol 
the magnets due to fluctuations in the Earth's magnetic field which 
might be produced by the presence of the comet. 

To produce the desired time scale it was necessary to have the clock 
gear of one of our spare recording boxes altered in the instrument shop 
at the Survey Office. This recording apparatus was substituted for the 
regular one with Eschenhagen instruments on May 15th, and was itselt 
replaced by the regular recording box on May 20th at the close of the 
special registration. 

Special absolute observations were made on May i6th, i8th, 20th 
and 23d, for control of base lines, and scale value determinations made. 

The magnetic traces for the month of May show that the magnetic 
elements were moderately disturbed throughout the entire month, only 
four days being characterized as calm (zero of the international scale). 
The twenty-fifth day of the month was characterized as 2 of the interna- 
tional scale, so that 26 of the 31 days of the month are to be considered 
as moderately disturbed. The days from May 13th to May 2 2d were all 
moderately disturbed (i of international scale), no "calm" day interven- 
ing. 
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Figure i, shows the approximate mean hourly values of the hori- 
zontal intensity for the first and last five days of the month (curve A), 
the mean hourly values of the horizontal intensity for May i8th and 
19th (curve B), also the horizontal intensity curve for the hours begin- 
ning at 17** on May i8th and ending at i6*> on May 19th (curve C) 
which was the period of lowest values for the month. The time is local 
mean time of Cheltenham, and the intensity expressed in terms of 
gammas (i 7 = 0.00001 C. G. S. unit). 

Figure 2 shows the curves of vertical intensity, curves A, B, and C 
being for the same periods of time as those mentioned in figure 1. It 
will be observed that the C curve in figure 2 shows values in excess of A 



Fig. I. 



Fig. 2. 
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MAGNETIC OBSERVATIONS, MAY 15-20 165 

and B, while in figure i for horizontal intensity the reverse is true. The 
curves B and C, when compared with A, do not show any material irreg- 
ularities in the time of occurrence of maximum or minimum value, that 
is, in these there is no displacement in the phases of those curves that 
could not readily be attributed to the generally moderately disturbed 
condition of the magnetic elements. 

The table below gives the extreme ranges in horizontal and vertical 
intensity for the same periods of time as that for the curves in figures i 
and 2. 

H z 

BxTREME Ranges (Horizontal Intensity) (Vertical Intensity) 

7 7 

Means monthly 60 27 

May 18 and 19, 36 42 

May 18, 17 h to May . . 

19, 16 h 68 38 

The mean monthly ranges shown in the table are not in excess ot 
those which have occurred in past years (e. g. 1905 and 1906) for the 
month of May. The ranges shown for May 18 and 19 are not larger 
than those that occurred at other times during the month when the 
curves were similarly disturbed. 

Coast and Geodetic Survey, Washington, D. C, 
June 29, igro. 



THE MAGNETIC CHARACTER OF THE YEAR 1909. 
By G. van Dyk. 

The annual review of the "Caract^re magn^tique de chaque jour" 
for 1909 has been drawn up in the same manner as the preceding years. 
Forty-two observatories contributed to the quarterly reviews, 38 sent 
complete data and i among them communicated its method of classifica- 
tion. Table H of the annual review, containing the mean character of 
each day and of each month and the list of "calm days" is reprinted 
here. 

De Bilt, June 20, i^ro. 
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LETTERS TO EDITOR 



CaOPERATION IN BRITISH ANTARCTIC EXPEDITION. 1910. 

With reference to the above, I have to inform you that Dr. Simpson, 
who is accompanying this Expedition in charge of the Magnetic Obser- 
vations, is willing to carry out a program of quick run observations 
as suggested in Dr. Chree's scheme below and the Royal Society would 
be very glad to secure the co-operation of all observatories in its working. 
The observations secured will be destined for use in a complete discussion. 
The scheme is as follows : 

Proposed Term Hours. 

Two hours consecutive quick run at following dates and hours G. M. T. 
oh Qitn a. m. = Greenwich midnight. 

Runs from 8 a.m. to lo a.m. G. M. T. on 
May 29 ^ 

June 2, 26, 30, >• 191 1. 
July 24, 28, 3 

Runs from 5 p. m. to 7 p. m. G. M. T. on 
May 22, 26, '\ 
June 19, 23, K 191 1. 
July 17, 21, 3 

Runs from 6 p.m. to 8 p.m. G. M.T. on 
November 20, 24, \ 
December 18, 22, j ^ 
January 22, 26, 191 2. 

Reasons for form the Scheme takes. 

The usual quick-run arrangement turns the drum at twelve times 
the usual rate, so that a two-hour run is given by a single sheet of paper. 
Thus a two-hour run causes no more trouble than a one-hour run, and 
affords twice as much chance of a disturbance happening. 

The Discoz'ery curves at Antarctic mid-winter (May to August) 
showed many instances of a "special type" of disturbance, in which an 
unusually symmetrical change in the elements took place, usually in from 
30 to 60 minutes. The usual time was in the evening, especially from 
7 to 9 p. ra. local time (/. e,, roughly 8 to 10 a. m. G. M. T. on same day). 

The scheme suggests six two-hour runs at this hour and season, on 
days near the new moon, so as to afford a specially favorable opportunity 
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for seeing aurora. A special outlook for auroras would be kept by 
Dr. Simpson. 

According to Mr. Bernacchi the time of greatest auroral frequency 
was in the early morning, and that was also the time of most frequent 
rapid oscillatory magnetic movements. The second group of quick runs 
from 5 to 7 p. m. G. M. T. (4 to 6 a. m. next day in Antarctic) aim at catch- 
ing some of these rapid oscillatory movements on days suflSciently near 
new moon to give every chance of seeing auroras. 

The third group was prepared in response to a desire by Dr. Simpson 
to have some observations near the Antarctic midsummer. Auroras are 
then quite invisible. The time was selected as that at which the Discov- 
ery curves at midsummer showed most frequently large rapid oscillations. 

J. Larmor, 
The Royal Society, Secretary, R. S. 

Burlington House, London, W. 
July, igio 



PRINCIPAL MAGNETIC STORMS RECORDED AT THE 
CHELTENHAM MAGNETIC OBSERVATORY 

April i to June 30, 1910. 

Latitude: jS° 44^.0 N; longitude: 76"^ 50^5 or ^*^ 07^.4 
West of Greenivich 



GREENWICH MEAN TIME 


RANGE 


Beginning 


Ending 


D 
(Declination) 


H 
(Hor'l Int.j 


z 

(Ver'l Int.) 


Day h m 


Day 


h 


' 


Y 


y 


April 4. I 55 


April 4, 


18 


16.2 


104 


36 


April II, 23 59 


April 13, 


»3 


18.4 


80 


30 


April 17, I 54 


April 19, 


16 


29.2 


143 


144 


April 22, 22 II 


April 25, 


7 


15-3 


76 


57 


April 27, 3 42 


May I, 


5 


31.9 


182 


188 


May I, 19 59 


May 5, 


7 


17.8 


79 


36 


May 13, 23 
May 18, 13 48 


May 15, 


9 


15.3 


102 


44 


May 19, 


21 


24.4 


93 


61 


May 23, 22 01 
May 28, 48 


May 27, 


9 


26.6 


131 


94 


June 1, 


9 


12.9 


75 


55 


June 8, 2 25 


June 10, 


22 


17.9 


84 


46 


June 19, 14 09 


June 24, 


3 


30.5 


165 


186 



O. H. TiTTMANN, Superintendent, 
Coast and Geodetic Survey. 



J. E. BURBANK, 

Odserver-in- Charge. 
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DIE WERTE DER ERDMAGNETISCHEN ELEMENTE IN APIA, 

1905-1908 (NACH DEN REGISTRIERUNGKN DES 

SAMOA -OBSERVATORIUMS). 

Von F. Linke and G. Angenheister. 

Im Anschluss an die deutsche Siidpolarexpedition wurde im Jahre 
1902 von der Kgl. Gesellschaft der Wissenschaften zu Gottingen die 
Griindung eines geophysikalischen Observatoriums in Apia (Samoa- 
Inseln) veranlasst. Das Arbeitsprogramra des Observatoriums umfasst 
seismische, luftelektrische, meteorologische Arbeiten, und vor allem 
auch die vollstandige Registrierung der drei Elemente der erdmag- 
netischen Kraft. Die Registrierung wird in angemessenen Zeitraumen 
(etwa wochentlich) durch absolute Messungen kontrolliert. Die Con- 
stanten der Instrumente fiir absolute Messungen besonders der Hori- 
zontal-Intensitat wurden mehrfach durch Anschlussmessungen in Pots- 
dam, Cheltenham und Zi-Ka-Wei kontrolliert. Die Durchfuhrung der 
umfangreichen erdmagnetischen Arbeiten des Samoa-Observatoriums 
wurde hauptsachlich deshalb als wiinschenswert erkannt, weil in dem 
grossen Gebiete des stillen Ozeans zwischen Honolulu (20° nordl. Breite), 
Neuseeland und Australien (Christchurch und Melbourne), zwischen 
Amerika und Asien (Batavia und Manila) kein magnetisches Observa- 
torium gelegen ist ; und weil die Kenntnis der magnetischen Verhalt- 
nisse dieses grossen Gebietes eine ausserordentlich geringe war. 

Inzwischen hat die Carnegie Institution of Washington (Department 
Terrestrial Magnetism) durch ihr Vermessungsschiff Galilee eine um- 
fangreiche Vermessung dieses Gebietes vorgenommen. Das Samoa- 
Observatorium hat dabei zwei mal, Mai 1906 u. Marz 1907, als Basis- 
station fiir die Galilee gedient, sowie auch als Ausgangspunkt und 
Bezugsstation liir eine magnetische Vermessung benachbarter Insel- 
gruppen, die im Auftrag dieser Institution ausgeluhrt wurde. 

Die Messungen der Galilee im Verein mit dem Arbeiten des Samoa- 
Observatoriums werden jetzt eine eingehende Kenntnis sowohl der 
raumlichen Verteilung der magnetischen Kraft iiber jenes grosse Gebiet 
ermoglichen (Arbeiten der Carnegie Institution of Washington), wie 
auch der zeitlichen Aenderungen, der taglichen, sakularen Perioden und 
der Typen magnetischer Stiirme im Mittelpunkt dieses Gebietes, in 
Samoa. (Arbeiten des Samoa-Observatoriums, dazu gehort auch eine 
genaue erdmagnetische Vermessung der Samoa-Inseln.) 
6 169 
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Die erdmagnetischen Arbeiten in Samoa wurden im Jahre 1905 und 
1906 von Dr. Franz Linke, 1907 und 1908 von Dr. G. Angenheister, seit 
, 1909 von Dr. K. Wegener ausgefiihrt. Fiir 1905 bis 1908 liegen die 
Ergebnisse nunmehr vor und werden demnachst in den Abhandlungen 
der Kgl. Gesellschaft der Wissenschaften zu Gottingen veroffentlicht 
Es sollen hier einige Daten mitgeteilt werden. 

Das Observatorium liegt dicht bei Apia 171° 45'' westlich von Green- 
wich und in 13° 48' siidlicher Breite. Des vulkanischen Grundsockels 
der Inseln wegen ist ein magnetisch ganzHch ungestorter Platz leider 
nicht zu finden gewesen, daher musste man sich mit einer Korallen- 
halbinsel begniigen. 

Die Reg^strierungen geschahen mit einem Satze von Variations- 
Instrumenten nach Eschenhagen-Toepfer ; fur die absoluten Messungen 
wurde in den Jahren 1905 und 1906 ein Reise-Theodolith von Tessdorf 
verwandt, der fur die Messung der Horizontal-Intensitat in Potsdam 
angeschlossen war; seitdem ist ein Stationstheodolith von Tessdorf in 
Benutzung, der wieder an den Reisetheodolithen angeschlossen ist. Die 
Deklinations- Messung von 1905 und 1906 wurde auf den Stations- 
Theodolithen reduziert. Letzterer scheint etwas zu hohe Werte zu 
geben (etwa V), Die Inklination wurde mit einem Erdinduktor Wild- 
Eschenhagen gemessen, der in Potsdam keine Abweichungen gezeigt 
hatte. 

Im Marz 1907 ,wurde statt des friiheren Holzhauses ein festes Ge- 
baude aus B6ton aufgefiihrt. Eine Veranderung der magnetischen 
Konstanten scheint dadurch nicht herbeigefiihrt zu sein. 

Betreffs einer magnetischen Landesaufnahme von Samoa und son- 
stiger Einzelheiten der magnetischen Arbeiten muss auf die ange- 
kiindigte ausfuhrliche Abhandlung hingewiesen werden. 

Monatsmittel der Deklination in Apia (p°-f 'E). 





Jan. 


Febr. 


Marz 


April 


Mai 


Juni 


Juli 


Aug. 


Sept. 


Okt. 


Nov. 


Dcx. 




/ 


^ 


/ 


/ 


/ 


r 


/ 


/ 


/ 


/ 


/ 


/ 


1905 


[36.1] 


36.3 


36.5 


36.5 


37.0 


36.7 


37.0 


37.2 


37-4 


37-7 


37.4 


37.8 


1906 


37.3 


37.7 


38.3 


38.2 


38.7 


38.5 


38.7 


38.6 


38.8 


39.2 


39.2 


39.3 


1907 


39-5 


394 


39-5 


39-9 


39-7 


39-7 


39-9 


40.4 


40.6 


40.8 


40.8 


41.5 


1908 


41.4 


41.4 


41.6 


41.4 


41.9 


42.0 


42.5 


41.8 


42.0 


42.1 


41.6 


430 
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DER ERDMAGNETISCHEN ELEMENTE IN APIA 1 7 1 
Monatsmittel der Horizontal- Iniensit'dt in Apia {35000 y -|-). 





Jan. 


Fcbr. 


Mftrz 


Apnl 


Mai 


Juni 


Juli 


Aug 


Sept. 


Okt. 


Nov. 


Dcx. 


1905 


[687] 


[686] 


[684] 


[682] 


7 
681 


7 
669 


7 
66q 


7 
666 


7 
664 


7 
677 


7 
703 


7 
670 


1906 


682 


664 


658 


661 


652 


652 


650 


653 


649 


651 


645 


(676) 


1907 


640 


634 


629 


650 


640 


636 


637 


641 


637 


631 


628 


639 


1908 


638 


637 


618 


614 


609 


620 


616 


608 


580 


595 


597 


629? 





Monatsmiltel der Vertikal-Intensitdt in 


Apia 


(—19000 y 


-). 






Jan. 
7 


Febr. 
7 


Marz 


April 


Mai 


Juni 


Juli 


Aug. 


Sept. 


Okt. 


Nov. 


Dez. 


1905 
1906 


7 


7 


7 


7 


7 


7 
912 

981 


7 
913 

989 


7 
922 


7 
942 

[997] 


7 
944 

[999] 


960 


964 


965 


961 


967 


969 


980 


996 


1907 


[lOOl] 


[1003] 


998 


1006 


[1010] 


1 
ioi5| 1017 


1026 


1020 


1007 


1009 


1006 


1908 


io»4 


1017 


1026 


1026 


1035 


1044I 1032 


103 1 


1024 


1047 


I055 


1077 



Die eingeklammerten Werte sind zwecks Bildung von Jahresmitteln 
interpoliert. 

JahresmitUl. 
Deklination Horizon tal-Intensitat VertikaMntensitat 





t 


-eg* 


cgs 


1905 


9 37.0 E 


0.35678 


(—0.19935?) 


1906 


38.5 


658 


.19977 


1907 


40.1 


637 


.20010 


1908 


41.9 


6x6 


.20036 



Die daraus resultierendey^*^r//<rA^ Variation betragt fur die 
Deklination im Mittel -f i^6 (wachsend), fur die 
Horizontal-Intensitat im Mittel +21 7 (wachsend), fiir die 
VertikaMntensitat im Mittel —307 (fallend). 

Die tdgliche Periode fur die magnetischen Elemente im Mittel der 
vier Beobachtungsjahre ist der harraonischen Analyse nach der Formel : 

r, sin (a, J^ ii>) ^ r^ sin (a.^ + 20) -f r, sin (03 -^ 30), 

unterzogen worden. Die hannonischen Koeffizienten ergeben sich aus 
folgender Tabelle: 
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Die harmonischen Koeffizienten der tdglichen Periode im Mittel der vicr 

Jahre. 



1905-1908 


Deklination 


1 
Horizontal-IntensitAt I 

1 


1 

, Vbrtikal-Intensitat 




, 


































*l 


•• 


«3 


ft 


r. 


Ta 


*l 


«i 


*1 


Ti 


r, r. 


*1 


•» 


«3 


r, 


Ta 


r. 


Jan., . . 




193 397 



242 


1.23 


1.03 


0.63 


^112 



94 



295 


18.4 


"% 


4.3 


216 


242 


52 


y y 
1.4 1-5 


y 

C.I 


Febr., . 


179 391 


239 


1.28 


1. 16 


0.75 


181 


91 


267 


19.2 


1 1.4 


3.8 


220 


202 


6 


2.5! 1.8 


1-9 


Marz, . 


181 


371 


230 


0.92 


0.81 


0.53 


181 


88 


282 


130 


.8.0 


31 


222 


124 


34 


4-5 04 


0.7 


April, 


163328 


130 


0.48 


0.66 


0.45 


292 


106 


302 


14.8 


6.5 


3.1 


191 


26 


162 


4.1 0.9 


0.6 


Mai, . . 


61 314 


141 


0.29 


0.78 


0.43 


i306 


126 


335 


130 


5.7 


1.7 


180 


28 


189 


34 1-5 


1-3 


Juni, . 


48287 


113 


0.12 


0.61 


0.43 


298 


118 


297 


»2.3 


4.9 


^•3 


171 


18 


162 


1.9 1-3 


0.6 


Juli. . . 


78290 


117 


0.14 


0.67 


0.42 '296 


109 


278 


12.7 


5-3 


1.5 


180 


18 


214 


0.5 0.9 


0.4 


Aug., . 


106282 

1 


114 


043 


0.84 


0.50 


'293 


112 


302 


16.6 


6.6 


1.7 


186 


45 


230 


2.6 I.I 

1 


a8 


Sept., . 


1381309 


144 


0.48 


0.80 


0.47 


286 


■05 


282 


195 


9.5 


3-2 


200 


61 


243 


3.4 1.3 


0.9 


Okt, • 


181 364 


220 


0.78 


0.76 


0.54 


278 


93 


277 


19.3 


10, 1 


3.6 


209 


173 


354 


1.8 0.8 


0.6 


Nov., . 


191 382 


241 


I. 14 


0.96 


0-73 


'280 


94 


290 


19.0 


II. 2 


4.2 


228 


200 


45 


1 
1.2 0.9 1.0 


Dez., . 


182 376 


234 


1.34 


1.090.64 


,279 


106,276 


19.9 


II. I 


4.4 


73 


225 


40 


i.o 1.7 1.6 
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ABSTRACTS AND REVIEWS 



PROPOSED METEOROLOGICAL AND MAGNETIC WORK OF 
THE BRITISH ANTARCTIC EXPEDITION, 1910.^ 

The subject of meteorology makes an ever-increasing appeal to the 
domains of Polar research, in view of the fact, which is now very gener- 
ally accepted, that Polar conditions have a preponderating effect upon 
the weather of the world. For this reason I am most happy to have se- 
cured the services of an eminent physicist, Dr. Simpson, a member ot 
the Meteorological Department of India. Conversant with all the latest 
methods of exploring the upper air-currents and investigating the elec- 
trical conditions of the atmosphere, Dr. Simpson is prepared to take the 
fullest advantage of the opportunities which will be afforded for the ex- 
ceptional, as well as for the more usual, routine observations of our 
meteorological station. Realizing the importance of this work, I have 
allowed him a special hut and space for a very large outfit of scientific 
instruments. In addition to the meteorological instruments, self-record- 
ing magnetic instruments will be taken with the object of comparing the 
magnetograms with those obtained by the "Discovery" expedition, and 
ascertaining the secular magnetic changes as well as of connecting the 
more irregular changes with other physical phenomena. Arrangements 
have also been made for gravity observations, for auroral photography, 
and for the study of the other branches of physical science which Dr. 
Simpson will undertake. 

Although perhaps the main scientific work of the expedition will be 
accomplished by the members of the shore parties, observations of the 
greatest importance will be made by those who remain in the ship. To 
Lieut. Pennell, an officer of the Royal Navy, assisted by Lieut. Bowers, 
will be entrusted the survey or resurvey of any lands that may be seen, 
the task of keeping a complete and careful meteorological record, and 
the conduct of continual magnetic observations for variation as well as 
continual observation of the other elements. These naval oflScers, as 
well as those of the shore party, have been especially selected from that 
navigating branch of our service whose training best fits them for the 
work which they will have to perform. 

Captain R. F. Scott, C. V. O., R. N. 

^Extract from London Geog. J., v. 36, No. i, July, 1910 (11-19). 
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BRITISH NATIONAL ANTARCTIC EXPEDITION, 1901-1904. 
Magnetic Observations.^ 

This volume completes the presentation of the magnetic work of the 
•' Discovery Expedition." In the volume of ** Physical Observations," 
published in 1908, the results of the magnetic absolute observations are 
given and discussed, and the results of term day observations published. 
The present volume contains the results of the magnetograph work and 
their discussion by Dr. Chree, under whose direction, with the valuable 
assistance of Mr. L. C. Bernacchi, the physicist and observer of the ex- 
pedition, the work of tabulation of the magnetogram curves was beg^n 
soon after the return of the expedition, was especially valuable. The 
exhaustive discussions have special scientific interest and value. 

The observatory at Winter Quarters was situated in lat. 'J^'' 50' 50^' 
south, and long. 166^44^45^^ east. The building was a wooden frame- 
work covered inside and out with asbestos slates. An attempt was made 
at first to heat the observatory, but this proved unsatisfactory, and later 
was abandoned, portions of traces being lost by the smoke of the lamp. 
The instruments were an Eschenhagen set of declination, horizontal in- 
tensity, and vertical intensity variometers with recording apparatus. 
The declination magnetograph required no change of suspension and no 
readjustments. Its sensitiveness was 1^5 per mm. This was found to 
be too great for the locality. The horizontal force magnetograph was 
readjusted several times during the first year. The suspension fibers 
supplied were all too fine and the sensitiveness of the instrument much 
too great. The vertical force instrument had to be repeatedly adjusted. 

Observations were made from March, 1902. to January, 1904. From 
September, 1903, to the end only a few days' records were made each 
month, on account of the insufficient supply of paper. At other times 
records were missed, due principally to difficulties with the heating and 
recording apparatus lights. Altogether thi^re are traces for about six 
hundred days. The probable errors of single tabulation readings are 
greater than those for more favored localities. To obtain an approximate 
similarity of accuracy, absolute observations would have been necessary 
at least daily, for base line values. On account of the excessively dis- 
turbed character of the declination and horizontal intensity curves, read- 
ings were taken at 20 minute intervals, and any single tabulation is the 
result of the mean of the reading at the time and of the readings 20 
minutes before and after the time. 

Following tables of hourly values, of diurnal irregularities and other 
phenomena, are discussions of the various magnetic phenomena. Next 
there are appendices containing abstracts and discussions of the term 
day observations at Christchurch Observ'ator3% and a discussion of the 

1 One quarto volume published by the Royal Society, 1909. 
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Antarctic disturbances, which are simultaneous with the Arctic disturb- 
ances discussed by Prof. Kr. Birkeland. Plates are appended showing 
portions of magnetograins during term hours and times of disturbance. 

Uncertainties in the values of the base lines make it more dilficult 
to make deductions of value regarding secular, annual, or monthly 
changes. Using monthly base line values obtained from the absolute 
observ^ations of the month, there are changes or discontinuities in the 
declination base line of almost a degree, and in the horizontal force base 
line of over 200 7. On the assumption of variable or of fixed base lines 
different conclusions might be arrived at. The uncertainties of the ver- 
tical force magnetograph are even greater. This instrument had a high 
temperature coeflBcient. To reduce this the lower control magnet was 
shifted to one above the instrument. The result was that the apparent 
effect seemed to be that the needle was not in good working order, and 
the curves seemed at first without value. After the change also an 
opposite effect on the curves was produced by a change of temperature, 
from the effect produced previously to the change. 

The period covered by the observations was too short for results 
showing annual and other irregularities and the effect of local disturb- 
ances on diurnal irregularities caused by the presence of magnetic 
rock at Winter Quarters is very uncertain, and possibly very compli- 
cated. A secular change of the south magnetic pole at a rapid rate 
towards the north seems indicated from the H observations. According 
as one uses the variable or the fixed base line values of D, a change of 
the pole might be indicated towards the west or towards the east. Very 
large ranges in annual inequality of D and H are indicated. The term 
day records are of quiet periods. For purposes of comparison the sensi- 
tiveness of instruments in Antarctic work should be greatly reduced. 

H. M. W. Edmonds. 



SOME NEW PHENOMENA REGARDING THE DIURNAL VARIA- 
TION AND MAGNETIC DISTURBANCES. 

Sangster, R. B. On a Novel Phenomenon in the Diurnal Inequality of 
Terrestrial Magnetism at Certain StatioTis} 
The Rotatory Character of Some Terrestrial Magnetic Disturbances 
at Greenwich and on Their Diurnal Distribution} 

In the first research the author dealt with data from the Magnetic 
Observatories at Greenwich, Falmouth, and Pawlowsk (Russia). The 
declination, the horizontal, and the vertical forces of terrestrial mag- 
netism are denoted by D, H, and Z respectively, and the horizontal force 
in the astronomical meridian by X. 

The investigation ultimately proceeded on the principle of the 
vector diagram. The latter has usually been employed to display varia- 
tions of the horizontal component, but in this case the author uses 
values of AX and AZ, and so obtains a representation of the diurnal 
force changes as projected on the vertical plane containing the astro- 
nomical meridian. Curves showing the force variations in this plane 
may be designated XZ diagrams. The X axis being taken as positive to 
the right and an increase of Z as downwards, the resulting curve has to 
be regarded as being viewed from the east. The new feature in these 

1 Communicated to the Royal Society, February 10, 1910. 
' Communicated to the Royal Society, April 28, 1910. 
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diagrams to which special attentioti is drawn is the agreement in the trend 
during the early after ttoon hours with a litie drawn at an angle of dip equal 
to the colatitude of the place of observation, and so perpendicular to the 
Earth's axis. For the hours from noon to about 17 the curves show that 
there is little or no variation in the force component parallel to the Earth's 
axis. 

The author notes that all his Greenwich diagrams are nearly square- 
ended between hour 1 1 and noon, while those drawn from Falmouth data 
have the corresponding end more acute. This feature almost serves to 
locate the origin of the data as between the two stations, and is due to 
the employment of G. M. T. at Falmouth. 

It may be stated that the existence of the phenomenon just described 
was inferred by the author from a working hj'pothesis as to the cause of 
the diurnal inequality, but the terms of this he has not. as yet, suffi- 
ciently defined to justify publication. 

On the occasion of a brilliant display of aurora some apparently 
rotatory movements in the position of the corona suggested to the au- 
thor the possible existence of similar changes of direction in the total 
magnetic force during disturbance. For investigating these changes 
(second paper) the most convenient available data were the plates pub- 
lished with the ♦* Greenwich Magnetical and Meteorological Observa- 
tions," showing on a reduced scale the diurnal registers of the three 
components of magnetic force for .several di.sturbed days in each year. 
The eight years 1900-7 were dealt with, and a preliminary in.spection of 
all the registers figured for these years was made to select an example 
for special consideration. The published regi.sters are reduced in scale 
from the originals in the ratio 11 :2o, and to lessen the chance of error on 
this account, it was decided to select a disturbance showing compara- 
tively slow, but steady and decided, changes. The registers selected in 
the first instance were those for October 12, 1903, and it was decided to 
determine the variation in direction of the total force from 18 hours 
onwards, at intervals of about 5 minutes, leaving out of account the insig- 
nificant effect of the small temperature variations recorded. This varia- 
tion in direction was found in terms of transverse deflecting force, the 
unit employed being i X 10 " C.G.S. (i 7). 

There is then obtained a diagram showing the variation of the force 
component perpendicular to the line of total force. The diagram shows 
that there was an almost wholly rotatory motion of the transverse dis- 
turbance vector, the trace consisting of six distinct convolutions varying 
greatly in size, but consistent in anti-clockwi.se progression. Several 
other disturbances during epoch 1900-7 were examined in detail, and it 
is shown that a right- or lett-handed rotatory character in the motion of 
the disturbance vector was of fairly frequent occurrence, while change 
from left to right not uncommonly occurred about midnight. It was also 
found that the same direction of rotation often persisted for several 
hours, and tables of the diurnal distribution of right- and left-hand rota- 
tory disturbance are furnished to show that those of right-hand charac- 
ter were entirely absent during the hours 4 p. m. to 9 p. m., while, mean- 
time, the left-handed rotations were ver\' prevalent, and reached a nota- 
ble maximum at 8 p. m. Other points in the diurnal distribution are 
noted, including the more decided effect resulting from a seasonal group- 
ing of the seventy disturbed days dealt with. 

The author is to be congratulated on the important results obtained 
in his two valuable papers. 
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Terrestrial Magnetism 

and 

Atmospheric Electricity 



VOLUME XV DECEMBER, 1910 number4 



PROCEEDINGS OF THE BERLIN MEETING OF THE 

COMMISSION ON THE MAGNETIC SUR\^Y OF 

A PARALLEL OF THE INTERNATIONAL 

ASSOCIATION OF ACADEMIES.^ 

This Commission met in Berlin on call of the President, M. 
Rykatchew, Sept. 21-23, 1910. 

First Session, September 21, ipio. 

At the suggestion of the President, M. Rykatchew, the Com- 
mission meets in the conference room of the Royal Prussian Meteor- 
ological Institute, the quarters of which are put at the disposal 
of the Commission by Director Hellmann. 

Members Present: Angot, Helmert, Liznar, Palazzo, Rykatchew, 
Schmidt; excused: Bauer, Schuster, Wiechert; guests present: Du- 
binsky, Carlheim-Gyllenskold, Hellmann, Lecointe, Melander, Mes- 
serschmitt, Schering. The President at 10: 15 declares the meeting 
open; as he had accepted the presidency of the Commission only 
temporarily, he requests the election of a President. On motion of 
Mr. Helmert, which is accepted unanimously. Mr. Rykatchew con- 
tinues in the chair, and requests Mr. Schmidt to serve as Secretary. 

The President then reads a detailed report of the activities of 
the Commission up to date, and of his correspondence with the 
Director of the Department of Terrestrial Magnetism of the Car- 
negie Institution of Washington. Since the task specifically assigned 
to the Commission has been practically accomplished by the mag- 
netic operations of this institution and of others, he suggests the 

1 Translated from the Secretary's report supplied promptly to the Journal with 
the President's approval. 
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passing of a recommendation to the Association of Academies for 
the discharge of the Commission. 

Mr. Schmidt, as the result of a detailed examination of the entire 
question and of its historical development, reaches the same con- 
clusion. Mr. Hellmann makes some remarks supplementing Mr. 
Schmidt's statements. 

In the general discussion which follows Messrs. Angot, Carl- 
heim-Gyllenskold take part and also signify their agreement with 
the President's suggestion, and point out at the same time that any 
questions remaining might be referred to the Commission on Ter- 
restrial Magnetism and Atmospheric Electricity of the International 
Meteorological Committee. 

The President next suggests that the presentation of the various 
reports received on magnetic surveys either recently begun or pro- 
posed be made before a joint session of the two Commissions ; this 
suggestion meeting general approval, further discussion is deferred. 

For the definite formulation of the proposed recommendation 
to the International Association of Academies, a sub-committee con- 
sisting of Messrs. Angot, Rykatchew, Schmidt is appointed. 

In the remaining time left over, Mr. Angot, in order to assist 
in relieving the proposed joint session of some of its work, reads 
his report on magnetic surveys in French Africa. 

The first session closes about 12:30. 

Second Session, Friday, September 23, ipio, 

(Joint session with the Commission on Terrestrial Magnetism 
and Atmospheric Electricity of the International Meteorological 
Committee. Cf, p. 184.) 

The session begins at 3: 15 P. M., and continues until 5 P. M. 
The minutes of the last session are read and approved. Next are 
read the reports of Messrs. Palazzo, Melander, and Rykatchew, 
also one received from Mr. Bauer. 

A joint resolution of the two Commissions with regard to the 
magnetic work of the Carnegie Institution at Washington is next 
passed. Cf. p. 192. 

The sub-committee presents its formulated resolution which, 
upon a slight modification suggested by Mr. Hellmann, is adopted, 
whereupon the President declares the meeting of the Commission 
of the International Association of Academies adjourned. 
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The Resolution is as follows: 

Attendu que la Commission a ete creee en 1904 pour envisager 
les meilleures methodes en matiere d'observation magnetique precise 
en mer, dans le but de permettre Texecution d'un releve magnetique 
tout le long d*un parallele de latitude, 

Attendu que le probleme pent etre considere comme actuellement 
resolu d'vme maniere satisfaisante ainsi qu'il r^sulte des divers docu- 
ments soumis a la commission notamment par Tlnstitution Carnegie 
de Washington et par Texpedition antarctique allemande, 

Attendu que le leve magnetique entre les paralleles 40° et 50° 
semble aujourd'hui assez complet et qu*un lev6 magnetique general 
du globe est en bonne voie d'execution, sous les auspices de Tlnsti- 
tution Carnegie et des contrees et institutions qui collaborent avec 
elle, 

La Commission, considerant sa tache comme terminee, propose 
a TAssociation Internationale des Academies de prononcer la cloture 
de ses travaux. 

En meme temps elle appelle Tattention de TAssociation des Aca- 
demies sur Tutilite que des leves magnetiques precis presenteraient 
dans les pays ou ces leves n'esistent pas encore ou ont ete faits a 
une epoque trop eloigne des travaux de Tlnstitution Carnegie. 
L'Association pourrait dans ce but, preter son appui a la commis- 
sion magnetique permanente du Comite Meteorologique Interna- 
tional. 

Translation of Resolution, 

Wher^s, The Commission was formed in 1904 in order to con- 
sider the best methods for obtaining accurate magnetic observations 
at sea, with the purpose of making possible the execution of a mag- 
netic survey along a parallel of latitude, 

Whereas, This problem can be considered as actually solved 
in a satisfactory manner, as is evident from the various docvunents 
submitted to the Commission, especially by the Carnegie Institution 
of Washington, and by the German Antarctic Expedition, 

Whereas, The magnetic survey between the parallel 40° and 
50° appears at present sufficiently complete, and as a general mag- 
netic survey of the globe is well under way under the auspices of 
the Carnegie Institution of Washington and of the countries and 
institutions which are co-operating with it. 
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The Commission, considering its task as completed, requests the 
International Association of Academies to discharge it from its 
labors. 

At the same time it calls the attention of the Association of 
Academies to the benefit which would be derived from accurate 
magnetic surveys in the countries where none exist at present, or 
where they have been made at an epoch too remote from the work 
of the Carnegie Institution of Washington. The Association would 
be able to lend its support to this end to the Permanent Magnetic 
Commission of the International Meteorological Committee. 
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PROCEEDINGS OF THE BERLIN MEETING OF THE COM- 
MISSION ON TERRESTRIAL MAGNETISM AND AT- 
MOSPHERIC ELECTRICITY OF THE INTERNA- 
TIONAL METEOROLOGICAL COMMITTEE.^ 

The Oxnmission met in Berlin on September 23, 24, 1910, in 
connection with the meeting of the International Meteorological 
Committee, held in the same city, September 26-29, in the quarters 
of the Royal Prussian Meteorological Institute. The majority of 
the members had already participated on September 21 in a meeting 
of the Commission on the Magnetic Survey of a Parallel of the 
International Association of Academies. At the close of the meet- 
ings, on the invitation of Director Hellmann, a visit was paid on 
Sunday, September 25, to the Meteorological-Magnetic Observatory 
at Potsdam, and to its branch station at Seddin. 

First Session, Friday, September 23, ipio. 

President: M. Rykatchew; Secretary: Adolf Schmidt. 

Members present: Angot, Carlheim-Gyllenskold, Chree, Dubin- 
sky, von Kesslitz, Liznar, Messerschmitt, Palazzo, Rykatchew, 
Schmidt, and Stupart. 

Guests present: Bigelow, Briickman, van Everdingen, Hellmann, 
Lecointe, Liideling, Luyken, Melander, Mohn, Shaw, Schering, and 
Venske. 

The President opens the meeting at 10:15; referring to the in- 
vitations sent to the members to be present, he states that Messrs. 
Bauer and Schuster had expressed their regret at not being able 
to attend. He then presents his report on the activities of the Com- 
mission and of its Executive Committee since the last meeting in 
Innsbruck, 1905. Since then the Commission has lost by death 
Messrs. Brunhes and Mascart; likewise by resignation Moureaux, 
after retirement from his official duties in France. There have 

1 Translated from the detailed report promptly supplied the Journal by the 
Secretary of the Commission, Professor Adolf Schmidt, with the approval of the 
President, General M. Rykatchew. According to information from the Secretary, it 
is expected that the Official Report, in German, will be out before the end of 1910; 
hence it was thought desirable to give an Bnglish translation. Regarding name of 
the Commission here adopted, see pp. 193-195 of this issue. [Just as the Journal 
is passing through ithe press the printed Official Report is received. The Royal 
Preussian Meteorological Institut, as well as' the Secretary of the International 
Meteorological Committee, Prof. Dr. Hellmann, are to be congratulated upon the un- 
ezceUed promptness with which the Report has been issued.]— Ed. 
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been added Messrs. Angot, Paris, and Tanakadate ; Ebert, who also 
had been elected to membership, felt compelled to decline on account 
of being already heavily burdened with his other duties. 

The meeting pays honor to the deceased members by rising. 

Mr. Palazzo next reads a detailed report on the results of the 
endeavor to erect a magnetic central observatory in Italy. In con- 
nection with the ensuing discussion, Messrs. Angot and Bigelow 
refer to the establishment of magnetic observatories at Tortosa 
and Pilar. Messrs. Hellmann, Schmidt, Liznar, and Carlheim- 
Gyllenskold also take part in the discussion, whereupon the follow- 
ing resolution, at the initiative of the President, is passed : 

The Commission extends its thanks to Mr, Palazzo for his labors 
to bring about the establishment of a magnetic central observatory 
in Italy, It expresses the hope that the proposed observatory, in 
order to be of greatest service as viewed from an international stand- 
point, be located, if possible, in southern Italy or in Tripoli. 

To the next item of the order of business, II, i — Comparison of 
Standard Instruments at the Principal Magnetic Observatories, — 
Mr. Dubinsky reports on the results of comparisons of the Paw- 
lowsk instruments, made by Mr. Sawinow and himself in 1907 and 
1908, with the instruments at Karsani, Katharinenbiirg, Irkutsk, 
Upsala, Rude Skov, Kew, and Potsdam. Also Mr. Schmidt reports 
on the comparisons of the Potsdam magnetic instruments with those 
at Wilhelmshaven, by Mr. Venske, and with De Bilt, Val Joyeux 
and Pawlowsk by Mr. Kiihl, all made during 1910, the results of 
which, it is expected, will appear in the next annual report of the 
Meteorological Institute. Furthermore, Mr. Schmidt reads a report 
sent in by Mr. Bauer, giving the chief results of comparisons made by 
the observers of the Department of Terrestrial Magnetism since 
1906, embracing chiefly the following observatories : Kew, Potsdam, 
Pola, Tiflis, Zi-ka-wei, Helwan, Dehra Dun, Christchurch, Toronto, 
and Cheltenham. 

In the discussion Mr. Liznar refers to the various sources of 
error pertaining to absolute measurements, and adverts to the strik- 
ing fact that even declination observations often reveal compara- 
tively large differences. He recalls a proposal made by him some 
years ago to determine the moment of inertia of the magnets used in 
oscillations directly from the dimensions and mass instead of ob- 
servationally by means of other less homogeneous bodies, e, g,, brass 
cylinders. 
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Mr. Dubinsky calls attention to a recommendation already set 
forth in some detail in his own report, viz., that the Commission call 
the attention of the observatories to Watson's proposal, that all 
moments of inertia be determined relatively to his standard bar. He 
states furthermore that Liznar's suggested method had already been 
carried out at Pawlowsk; he recommends also, that more homog- 
eneous substances be employed for normal inertia bars, as for ex- 
ample, quartz. 

Mr. Chree explains how the changes in the normal values of the 
standard magnetometer at Kew, mentioned in Mr. Dubinsky's re- 
port, have come about. The former values depended upon deflection 
constants, deduced from observations at two distances, whereas in 
the present adopted value constants were used depending upon de- 
flections also at a third distance. 

Mr. Hellmann points out the difficulties which arise from com- 
parison observations at strange places, under conditions frequently 
none of the best. The comparisons therefore do not make unnec- 
essary independent absolute magnetic observations and intercom- 
parisons at each observatory between the various observing places 
used. He reports that extensive observations of this nature are to 
be made at the Potsdam Observatory, for which preparations have 
been some time in progress. 

Agreeing with the latter speaker's remarks, Mr. Schmidt em- 
phasizes the necessity of absolute observations, and in less or greater 
degree relative observations, according to the purpose to be served. 
The first, strictly speaking, are only possible and necessary at the 
chief observatories ; their accuracy, as in gravity measurements, is 
inferior to relative observations. For the determination of the gen- 
eral state of the earth's magnetization it is accordingly necessary 
to have systematic intercomparisons repeated at sufficient frequent 
intervals. In connection with the remarks made by Messrs. Liznar 
and Dubinsky, the speaker refers to some other sources of error 
in absolute measurements, and also recommends for adoption Wat- 
son's proposal, which has actually come into use at Potsdam. He 
likewise sets forth the method in which fundamental determinations 
of moments of inertia can be made so as to be independent of the 
error due to non-homogeneity of the substance. For obtaining the 
deflection constants he recommends, instead of observations at vari- 
ous distances, such for various orientations of the deflecting magnet. 

Mr. van Everdingen reports that at De Bilt a new fundamental 
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determination of the horizontal intensity is being carried out by 
Mr. Dijk, according to Kohlrausch's bifUar method. 

After some further remarks by Messrs. Liznar and Schmidt, 
Mr. Rykatchew, voicing the unanimous sentiment of those present, 
expresses the satisfaction of the G^mmission on the results thus 
far presented, and also tenders the thanks of the Commission to all 
who have taken part therein. He suggests a recommendation for 
the continuation of such comparisons and communication of the 
results to the Executive Bureau. This meeting with approval, a 
sub-committee, consisting of the President and the Secretary, was ap- 
pointed for the formulation of a suitable recommendation to the 
Meteorological Committee. As finally adopted it reads: 

The Directors of Magnetic Institutions are requested to com- 
pare, as far as may be possible, their standard instruments with those 
of other countries, and to communicate the results to the Executive 
Bureau, 

Close of session at about 12:30. 

Second Session, Friday, September 23, ipio. 

(Joint meeting with the Commission on the Magnetic Survey 
of a Parallel of the International Association of Academies.) 

The meeting is opened at 3:15 P. M., the same persons being 
present as in the morning, and in addition as guests, Messrs Kuhl 
and Nippoldt. 

The Chairman, Mr. Rykatchew, reports that upon recommenda- 
tion of the Bureau, Messrs. Bigelow and von Everdingen are added 
to the Commission in addition to the new members already men- 
tioned in the morning session, Mr. van Everdingen being likewise 
elected a member of the Executive Bureau ; both gentlemen express 
thanks at their election. 

The Chairman next reports briefly on the meeting of the Com- 
mission of the Association of Academies held on September 21st, 
and refers to the communication made there by Mr. Angot on re- 
cent magnetic observations in Sudan. 

Mr. Palazzo now presents a report on magnetic observations in 
Equatorial East Africa. 

Mr. Melander makes a communication on the proposed mag- 
netic survey of Finland, to be carried out in a period of about ten 
years, and for which as base station there is to be established an 
observatory at Sodanklyla. The mean distance between stations is 
to be about 20 km. ; about fifty well-distributed stations, at the same 
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time common to the net of triangulation stations, are to serve as 
^'secular stations." 

Mr. Rykatchew, with the aid of a chart, exhibits the status of 
the magnetic survey work of the Carnegie Institution of Washing- 
ton, and gives abstracts froiri two reports by Mr. Bauer on the 
results of the first cruise of the "Carnegie," and of recent tests made 
prior to setting out on the present circumnavigation cruise, 1909- 
1910. The reports are published in the June and September issues 
of "Terrestrial .Magnetism and Atmospheric Electricity." 

Mr. Rykatchew presents a report on the magnetic observations 
made by Mr. Smirnow along a line from Warsaw to Vladivostok, 
in 1901, 1904, and 1909. (Bull, de TAcad. Imp. des Sc. de St. 
Petersburg, 1910.) He communicates, furthermore, progress in 
the proposed magnetic survey of the Russian Dcnninion, involving 
ialso the establishment of a number of observatories for obtaining 
the necessary reduction data; the average station distance for Eu- 
ropean Russia is to be about 20 km., whereas in Siberia the ob- 
servations will have to be limited to regions along the great lines of 
travel. With the means supplied by the Academy of Sciences it 
was possible to begin the work in this year in the Gouvemement 
Petersburg. 

Mr. Hellmann inquires. as to the determination of the values of 
secular Variation used by Smirnow in his tabulated results, and as 
to their accuracy. Mr. Rykatchew replies and refers the speaker 
for further information to Smimow's publications. 

Close of the session, about 5:00 o'clock. 

Third Session, Saturday, September 24, ipio. 

Called to order at 10:15. 

Those present are : Angot, Arendt, Bigelow, Briickmann, Carl- 
heim-Gyllenskold, Chree, Dubinsky, van Everdingen, Hellmann, 
von Kesslitz, Kiihl, Lecointe, Liznar, Liideling, Luyken, Melander, 
Messerschmitt, Mohn, Nippoldt, Palazzo, Rykatchew, Shaw, Scher- 
ing, Schmidt, Stupart. 

To No. II, 2 of the day's order — Publication of data of the daily 
magnetic character — Mr. Chree expresses the hope that, in order to 
secure greater uniformity, definite principles for the classification of 
curves be decided upon. 

Mr. Schmidt takes the opposite view. It would not only be 
very difficult to reach agreement on further refinements, but, even 
3 
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if that were possible, it might readily happen that, theoretically, 
more harm than good would result by having undue emphasis placed 
on certain striking characteristics. Furthermore, every attempt at 
a more exact evaluation of the "character numbers" would imply 
much increase in the Ijibor, since then necessarily the number of the 
gradations would have to be considerably increased. The present 
very simple method furnishes, on account of the large number of 
participating. observatories, all that is necessary, and all in fact 
that can be accomplished in the case of an element, like thi dis- 
turbance character, which does not admit of any precise definition. 

Mr. van Everdingen regards as desirable that at least those 
observatories whose estimations differ too much from the mean 
value of all the stations, should try to secure better agreement by a 
change of the fimdamental principles followed by them. 

Mr. Dubinsky points out that the differences in estimation can 
be explained from the varied views which may be held as to the 
purpose the numbers are to serve. 

Mr. Hellmann suggests that the ratio of the length of the regis- 
tered curve to that of the base line be taken as a measure of the 
degree of disturbance. Carlheim-Gyllenskold instead recommends 
the quadratic mean value of the residuals from the average value 
as a definition of the magnetic character of the day. 

Mr. Bigelow calls to mind Sabine's method: to fix on definite 
limits for the departures from the normal course and to regard as 
disturbed whatever goes beyond. The normal or undisturbed course, 
however, used in this procedure can not be computed, as is gen- 
erally done, for the mean of the month and then used for the entire 
month, but correction must be made for the gradual change in the 
normal course from day to day. He sets forth his own scheme for 
the required computations. 

Mr. Schmidt agrees with Mr. van Everdingen and calls atten- 
tion to the fact that the Potsdam publications contain comparisons 
of numbers by different methods. The discussion thus far, with 
its manifold suggestions, has, however, only strengthened him in 
his own opinion. He recalls the chief difficulties arising from the 
use of curve lengths as, for example, actually occurred in the at- 
tempts to obtain in this way an exact definition of "coast develop- 
ment." Rather would he regard the quadratic mean value of the 
residuals as serving better the purpose, a quantity, by the way, he had 
himself made use of in another connection and for whose convenient 
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determination he had devised an instrumental appliance. But even 
with the help of the latter, the derivation of this quantity would 
add an amount of work to the current duties of an observatory 
entirely out of proportion to the result hoped to be achieved. 

To furnish a proof of the value of the character numbers as 
determined by the present method, the spf^er, with the aid of 
several diagrams, exhibits some preliminary results of investigations 
based on these numbers — the representation of the daily variation 
of the magnetic elements and its dependence on the disturbance 
character and the determination of a distinct periodicity of nearly 
thirty days in the run of the character numbers. As an investigation 
related to the one first named, he mentions the derivation of the 
mean daily variation on quiet days, which of course becomes very 
valuable when all observatories use the same days — best those as 
given in the publications of the tables of the character numbers. 

Mr. Angot, in cc«inection with Mr. van Everdingen's remarks, 
proposes that the observatories whose numbers depart greatly from 
the mean, in order to secure the desirable uniformity, follow the 
course adopted at Potsdam. (VeroflFentlichungen d. Kgl. Pr. Met. 
Instr. Nr. 211, p. 30.) Whereupon Mr. van Everdingen declares 
his readiness to make. such suggestions to the observatories in ques- 
tion, but regards at the same time as desirable that when doing 
so he point out also other methods. He proposes, furthermore, 
that comparative studies be made of the results derived from various 
methods. 

Mr. Rykatchew, in agreement with this suggestion, recommends 
the passing of a resolution which as adopted reads: 

For the study of the question as to the principles according to 
which the daily magnetic character is to be determined, a sub- 
committee is appointed consisting of Messrs. Chree, van Everdingen, 
Schmidt. The Commission at the same time expresses its thanks 
to Mr. van Everdingen and to the Netherlands Meteorological In- 
stitute for the preparation and publication of the lists of disturbance 
numbers. 

Next item II, 3 is taken up — Exchange of curves of greatly dis- 
turbed days. Mr. Dubinsky expresses his regret at the bewilder- 
ing difference of scale used in the curve-reproductions by the vari- 
ous observatories. He would like to see the Commission bring about 
greater uniformity. 

Mr. Schmidt endorses this hope and refers to the agreements 
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already reached by the recent Polar Commission as also by th^ 
Munich Conference of Directors. The uniformity in the time scale 
at least is absolutely essential. Furthermore, for the convenient 
and certain comparison of curves from different observatories, it is 
necessary that the hour lines should apply everywhere for the same 
absolute time. The CcMiimission then resolves, on motion from him ; 

It is desirable that, in the reproduction of curves of greatly dis- 
turbed days, the international scale, already previously adopted (cf. 
Met. Kodex, p. 53), of 15 mm. to the hour be used, and that further^ 
more, those Institutes which have thus far not distributed such re- 
productions do so hereafter. It is likewise earnestly, recommended 
that there be given on all traces hour lines for the whole hours 
according to Greenwich mean time. 

To No. II, 4 : Relations to the Department of Terrestrial Mag- 
netism of the Carnegie Institution of Washington. Without discus- 
sion, the following proposal of the President is adopted : 

The Commission having taken cognizance of the correspondence 
between the President and the Director of the Department of Ter- 
restrial Magnetism, expresses the hope that in those countries where 
no magnetic surveys exist or where they have been made for some 
time back, such surveys and repetitions be undertaken soon. 

Proceeding to No. II, 5 : List of existing magnetic observatories, 
there is adopted, without discussion, Mr. Rykatchew's prc^>osaI : 

The Commission thanks Mr. Lecointe and his Government, as 
also Messrs. Merlin and Somexnlle, for the preparation and publi- 
cation of the List of Magnetic Obserz^atories. 

No. 11, 6 is next considered: Enlargement of the net of mag- 
netic observatories. Mr. Melander mentions the proposed observa- 
tory at Sodankyla. Mr. Rykatchew, in the name of Mr. Mohn, 
states that the erection of an observatory in Northern Norway is 
contemplated, and makes some further remarks about the enlarge- 
ment of the number of observatories in connection with the proposed 
magnetic survey of the Russian Kingdom. Mr. Angot calls at- 
tention to the value of continuous registrations in Central Africa, 
Mr. Messerchmitt reports on the increasing difficulties which have 
arisen from further extensions of electric car lines in Munich and 
which even now make almost impossible obtaining satisfactorily the 
magnetic variations. Mr. Bigelow suggests the erection of moun- 
tain observatories for the purpose of securing magnetic data in 
connection with solar phenomena. Mr. Liznar remarks to. the 
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latter suggestion that the preparations for the erection of a pair 
of temporary stations, one on the summit and the other at the foot 
of the Obir, has progressed so far that their operation may be shortly 
expected. 

Mr. Hellmann calls to mind the interest attaching to obser^ 
vations of the variations in strongly disturbed localities and states 
his intention to carry out such registrations some time in the regional 
disturbance revealed in East Prussia. Mr. Carlheim-Gyllenskold in 
this connection refers to his very detailed survey of the disturbed 
region of Kiimavaara and expresses the hope that it may be possible 
some time to erect here an observatory in this region so well suited 
for the purpose mentioned. 

Mr. Hergesell remarks that at present the conditions are favor- 
able for the erection of a temporary observatory in Spitzbergen and 
that therefore it will be desirable to keep such a one in mind. He 
reminds the members also of the importance of magnetic observa- 
tions in balloons, the carrying out of which he is ready to sup- 
port energetically. Mr. Dubinsky thereupon expresses his great 
satisfaction with this suggestion and calls attention to the fact of 
the rapid decrease with altitude of the effect from disturbed locali- 
ties, so that measurements at an altitude would give more nearly the 
normal distribution. Mr. Schmidt, recognizing the great interest 
pertaining to magnetic observations in the free atmosphere at con- 
siderable altitudes, calls attention, however, to the difficulties of 
the problem since only very accurate observations and, indeed, al- 
most variation observations alone would have any real value. The 
temporary establishment of an observatory in Spitzbergen he regards 
very desirable. 

Mr. Stupart communicates that it will probably be possible for 
him to establish some registering magnetic stations in Northeastern 
Canada in the vicinity of Hudson Bay. 

Mr. Carlheim-Gyllenskold points out East Greenland as a suit- 
able place for an observatory and recalls that it is more important 
to establish magnetic stations in different magnetic latitudes as much 
as possible, rather than in about the same latitude. 

As the result of the foregoing discussion the following was 
provisionally decided upon, the final formulation being left to the 
Executive Bureau: 

The Commission has received with satisfaction the communica- 
tions of Messrs, Melander, Rykatchew (in his own name and in that 
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of Mr, Mohn), Stupart, Angot, Lisnar, Messersckmitt, Bigelaw, 
Heilmann, and Carlheim-Gyllenskold, and regards as very desirable 
that magnetic observatories be established in North Finland, in Nor- 
way, in the North, East and Southwest parts of Asiatic Russia, in 
the North of Canada and in the interior of Africa near the Equator, 
furthermore in greatly disturbed localities, as, for example, in the 
detailed surveyed region of Kiirunavaara, and finally also on high 
mountain tops with corresponding base stations. The Commission 
furthermore expresses the hope that, where the extension of the 
electric car service has led to the interruption of magnetic observa- 
tory observations, or threatens to do so, new central stations be 
established in regions devoid of such disturbing influences. 
Close of the session about 12:45. 

Fourth Session, Saturday, September 24, 1910. 

The President c^ens the session at 3: 15 P. M. 

Present: Mr. Venske and same persons as in the morning ex- 
cepting Messrs. Kiihl and Luyken. Mr. Schmidt is given the floor 
to set forth his proposals to point III: Proposals for securing 
greater uniformity in the publication of magnetic observatories. 
At the close of his review he begs that the discussion be confined 
at first to his proposal of the minimum amount to be published 
which shall be binding for all observatories; his other proposals 
he begs to be allowed to take up more fully later. He moves to 
resolve: "The Commission expresses the hope that in their publi- 
cations all observatories give at least the following data: First, 
the mean values of the observed elements for each day ; Second, the 
mean daily variation for the various elements or, at least, for the 
components, for each month in residuals from the monthly mean 
according to local mean time." 

In the discussion Mr. Bigelow repeats and enlarges on his pro- 
posed method already referred to in the previous session. He 
hopes that the hourly residuals from the normal mean value as 
determined in a definite way for each day be published. 

Mr. Liznar would like the publication of the hourly values for 
all days according to local mean time. 

Mr. Kesslitz raises the question whether it would not be de- 
sirable to prescribe for each day two or three strictly simultaneous 
observations. He reports further upon the almost completed deriva- 
tion of the trigonometric series for the daily variation of the magnetic 
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elements in Pola covering the entire period of the existing observa- 
tions. He regards as desirable further development of the usual 
procedure, viz., the harmonic resolution of the yearly change in the 
daily variaticm into several parts of different period lengths after 
the pattern of the harmonic analysis of the tides. His attempts 
in this direction, though not quite ccwnpleted, have yielded a favor- 
able result. 

Mr. Carlheim-Gyllenskold endorses fundamentally the general 
use of the same time. 

Mr. Rykatchew, in addition to the above minimum amount, 
would like to have published the daily extreme values. Against 
this, however, Mr. Hellmann objects and emphasizes that, in general, 
the publications of an observatory should contain only the direct 
and inmiediate results of the observations and in the most convenient 
form possible for ready utilization. Whatever goes beyond must 
be left to him to derive who has need thereof. He regards, for 
example, the publication of the coefficients of the trigonometric 
series, at least in the present often customary detail, as purposeless. 

Mr. Schmidt likewise lays no great value on the publication 
of the absolute extremes for each day. In the hourly values for the 
individual days, he finds the data of the absolute amounts more 
useful than those of the departures from any normal or mean values. 
The desire that the monthly means of the daily variation be given 
according to local mean time he would be ready to withdraw if 
universal time came more into use. 

Mr. Chree points out the various difficulties arising from the 
use of local time in the comparison of the resulting daily means 
of various observatories. The derivation of the daily variation from 
the observations of all days has no clear physical importance. He 
proposes that for every month three means be formed, each out of 
five days, viz., first out of the five quietest, second from the five 
of moderate disturbance, and finally from the five most intensely 
disturbed days. 

Mr. Hellmann has the impression that the entire question has 
not yet been sufficiently cleared up and that it would therefore 
be best if a sub-committee be appointed for making a systematic 
examination of the contents of the present publications on the basis 
erf which definite proposals could be made at the next conference. 

Mr. Schmidt remarks that originally he had this same course 
in mind but in attempting such a collective presentation came to 
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the conclusion that a discussion based thereon would readily split 
itself up on a number of minor secondary points. He thought it 
therefore better to endeavor reaching an agreement on the minimum 
data. In fact, there actually prevails, as has been shown, almost 
general agreement on these minimum requirements ; only Mr. Chrec 
takes a fundamentally different position. The discussion indeed, 
contrary to his expressed hope to be confined to the minimum 
requirements, has gone beyond them and has thus revealed great 
differences of opinion as to the additional data to be given. It 
would then seem quite possible to reach even now a definite agree- 
ment on the minimum, and only the question as to additional data 
would require to be postponed and referred to a sub-committee. 
However, the appointing of another sub-committee may be avoided 
by referring the matter to the Executive Bureau. 

The President accordingly puts the following resolution, which 
is decided upon without further discussion: 

The Executive Bureau is charged to prepare a report on the 
contents and form of existing magnetic observatory publications 
and to submit to the Commission at its next meeting proposals for 
the further development and unification of these publications. 

Points IV and V of the remaining order of business are declared 
as already settled by the proceedings of the second session. Reispect- 
ing the latter, No. V, Mr. Rykatchew puts the following resolution, 
which is unanimously adopted: 

The Commission thanks Mr. Bauer for his valuable reports and 
expresses admiration of the splendid work executed by the Depart- 
ment of Terrestrial Magnetism of the Carnegie Institution of Wash- 
ington towards the accomplishment of the great task of a magnetic 
survey of the whole earth. 

The President then conveys his thanks to all who have made 
communications to the Commission, as well as to those who have 
in any way contributed to the success of the meeting, and especially 
to Director Hellmann for his courtesy in placing at the disposal of 
the Commission the quarters of his Institute and for having looked 
after the necessary preparations. 

Mr. Messerschmitt, voicing the sense of the Commission, thanks 
the President for his preliminary work and careful conduct of the 
proceedings. The President in turn expresses his obligation to the 
Secretary for his support and then, at 5 : 30 P. M., declares the 
meeting of the Commission adjourned. [Cf. 206.] 
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THE WORK OF THE MAGNETIC COMMISSION OF THE IN- 

TERNATIONAL METEOROLOGICAL COMMITTEE, 

1896-1910. 

[Editorial Review.] 

Organisation, Name and Scope, 

The Commission on Terrestrial Magnetism and Atmospheric Elec- 
tricity, of the International Meteorological Committee, a recent meeting 
of which is reported fully in this issue of the Journal, is not an inde- 
pendent international body, but one of four Commissions created by and 
under the control of the "Permanent International Meteorological Com- 
mittee." Since the latter Committee is a self-perpetuating body, in that 
it calls, at suitable times, the "Conference of Directors" who^ in turn, 
choose the Committee, and as this Committee, furthermore, has the ex- 
ecutive power to transact all business in the interims, to take the neces- 
sary steps for carrying out the aims and putting into execution the 
decision of the "Conference of Directors," it has naturally come about 
that the parent body — "The International Meteorological Organization 
or Association" — has been in effect supplanted by the real and perpetual 
governing power, "The International Meteorological Committee." 

The International Meteorological Committee (Comite Meteoro- 
logique International; Internationales Meteorologisches Komi tee), ac- 
cording to the by-laws,^ must be composed of members who hold official 
positions in their respective countries as directors of meteorological 
establishments' — "tous les members doivent appartenir 4 des Etats 
differentes et etre directeurs d'un etablissement meteorologique ind6- 
pendant." 

The various "Commissions" are charged with the consideration 
of and report on subjects supposedly related to meteorology* — "la crea- 
tion de ces Commissions a ete de la plus grand utility pour le devel- 
oppement de notre science." (N. B. "notre science.") Four of these 
have been created since 1891 by the International Meteorological Com- 
mittee, the "Magnetic Commission" in 1896 at the Paris Meteorological 
Conference. Taking the names as given in the last official circular of 
the Committee* they are: 

Die Internationale Kommission ftir Erdmag^etismus und Luftelek- 
trizitat; La Commission Internationale pour le Magnetisme Tcr- 
restre et TElectricite Atmospherique ; The International Committee 
for Terrestrial Magnetism and Atmospheric Electricity. 

Die Internationale Kommission ftir wissenschaftliche Luftschiflfahrt ; 
La Commission Internationale pour T Aerostation scientifique; The 
International Committee for Scientific Aeronautics. 

> R^glement de rOfRanization M^tterologique Internationale. Cf. Circular 
sent out under the name of the International Meteorological Committee from the 
Berlin Meteorologisches Institut, February, 1908. 
4 193 
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Die Internationale Strahlungskommission ; La Commission Internationale 
de la Radiation; The International Committee for Radiatioit. 

Die Internationale Solarkommission ; La Commission Solaire Inter- 
nationale; The International Solar Commission. 

It will be seen there is no uniformity in the translation into English 
of the official names of the various "Commissions." The supposedly 
official English designation of the first three "Commissions" is "Com- 
mittee," whereas, the fourth is called "The International Solar Com- 
mission f yet all four are called in French "Commission." and in Ger- 
man "Kommission." It might be supposed that there has been some 
inconsistency in translation, but the same confusion is found in the 
official English publications of the International Meteorological Commit- 
tee or Council. Thus the same body is referred to as "Magnetic Com- 
mittee," "Magnetic Sub-Committee," "Committee on (or for) Terres- 
trial Magnetism and Atmospheric Electricity," "Commission on (or for) 
Terrestrial Magnetism and Atmospheric Electricity," etc. Similar con- 
fusion is found in accounts or notices of the various meetings given 
from time to time in this Journal as well as in others. 

Just what the fine distinctions are in French and German between 
Comite (Kommitee) and Commission (Kommission) we do not con- 
sider ourselves wholly competent to determine. However, whediet it 
is a "Committee" or a "Commission" in English technically strikes at 
the very root of the organization. Thus were it officially a "Cotnmittee 
on (or for) Terrestrial Magnetism" then this would imply that it is a 
sub-committee of the "International Meteorological Committee," and 
hence composed primarily (though not necessarily exclusively) of mem- 
bers of the parent Committee, and that it has a definite official voice 
in the deliberations of the latter; this, however, is not the xizst. The 
entire sub-body, inclusive of its officers, in accordance with the regu- 
lations, may be composed of workers in terrestrial magnetism and at- 
mospheric electricity who have no vote in the International Meteoro- 
logical Committee. The President of the "Commission" is the only 
officer chosen by the Internatfonal Meteorological Committee, more 
complete organization being then left to the "Commission;" if the Presi- 
dent is not a member of the International Meteorological Committee, 
as occurred when Sir Arthur Rticker held the office, the "Commission" 
has no strictly official voice in the International Meteorological Com- 
mittee, but through its President only a "consulting voice." 

"Pour les Commissions nouvellement organisees le Prudent est 
nomme par le Comite. 

"Les Commissions ont le faculte de se completer et organisent leurs 
travaux a leur gre. 

"Les Presidents qui ne seraient pas membres du Comit6 sont invites 
a assister aux seances du Comite et a prendre part aux discussions avec 
voix consultative. Au commencement de chaque session du Comite, ils 
presentent un rapport sur les travaux de leur Commission." 
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We accordingly must regard as the more correct English transla- 
tion of the French word "Commission." as used by the International 
Meteorological Committee, the word Commission instead of Committee. 
Judging from the Innsbruck Conference of Directors the Magnetic 
Commission is subject to re-formation at each Conference, though be* 
tween the Conferences the Commission has power to coopt new mem- 
bers. It has been thought worth while to go into the genesis of the 
various bodies now under the control of the Permanent International 
Meteorological Committee in order to get a clear idea of the precise 
organization and the controlling limitations of their functions, as also 
to ascertain the mutual responsibilities existing between parent and 
child. In order then to have a name which definitely sets before the 
mind the particular organization under consideration in this review 
we have adopted: "The Commission on Terrestrial Magnetism and 
Atmospheric Electricity of the International Meteorological Committee." 

[N. B, Official change of name. Cf. 206.] 

However desirable it might appear, for the sake of brevity, to drop 
the latter part of the name, as is frequently done, it appears neither 
wise nor politic to do so. For it must not be forgotten that the very 
existence of the "Commission" as well as the adoption of the results 
of the deliberations of the "Commission" depends upon the vote of the 
official governmental meteorological directors. If then a magnetician 
is so fortunate as to be chosen a member of the "Commission," he ought 
not to forget that, however exalted or independent his position may be, 
he is subject to the vote of the head of the governmental meteorological 
service of his country. There are cases where magneticians hold promi- 
nent positions, official as well as private, having no connection what- 
soever with their meteorological services. Why it is that the officers, 
at times, of the International Meteorological Committee have seemingly 
not been aware of this fact and have insisted on sending such magne- 
ticians copies of the proceedings or of other information through the 
meteorological services or have ignored them wholly so as to oblige 
them to make direct application, is not clearly understood. It has even 
occurred that the head of one of the largest magnetic services has not 
obtained a copy of the proceedings until three years after the close of 
a meeting and possibly two years before the next gathering at which 
progress was to be reported. A past Secretary of the International 
Meteorological Committee once refused to give certain advance infor- 
mation regarding a meeting of the "Magnetic Commission" which some 
European magneticians thought should be published in this Journal 
in order to prepare magneticians for the topics proposed for discussion. 
The same Secretary was later obliged to request this Journal for reprints 
of the most promptly published account of the proceedings of one of 
the magnetic conferences. 

With the present officers of the Committee, occurrences similar to 
those just cited are not likely to happen. If the attempt is made, how- 
ever, to give an international scope .to the "Commission," so as to em- 
brace all phases of magnetic research — magnetic observatories, magnetic 
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surveys, magnetic condition of the globe, etc. — the fact above pointed 
out must be borne in mind when considering the possible success, viz., 
that the final voice in magnetic matters rests in the International 
Meteorological Committee, composed of official meteorological directors 
who need not be, and in the majority of cases are not, experts in ter- 
restrial magnetism. It must also be remembered that this meteorological 
body has no power, other than moral, to enforce its decisions. 

Now the foregoing facts are not recited with any purpose of find- 
ing fault with the parent organization — "the gift horse should not be 
looked in the mouth ;" students of terrestrial magnetism and atmospheric 
electricity have many reasons for gratefulness. Instead, our main pur- 
pose is to get at the causes which may retard the child, as well as the 
parent, in reaching the highest and broadest development intended for 
both. Why is it, for example, that the "Magnetic Commission," as 
judged by its proceedings to date, finds it difficult to pass definite, clear- 
cut resolutions which meet with immediate acceptance and adoption 
by the workers in terrestrial magnetism and atmospheric electricity? 
Is it because of the manner of its organization or do we have here 
simply another evidence of the physical fact that there are certain fun- 
damental differences between meteorology and terrestrial magnetism 
which will not admit of identical treatment without some disadvantage 
ensuing to both? Simply because meteorology and terrestrial mag- 
netism have a common interest in certain restricted lines of investiga- 
tion, or because of more or less purely accidental conditions, it has oc- 
curred in some countries that the one or the other service has grown 
out of the other, does it follow that it is advantageous to treat them as 
branches of each other? With equal force could it be argued that seis- 
mology, or astrophysics, or even geodesy are branches of meteorology. 
The two subjects, as well as the others named, while undeniably having 
some common interests and bearing a certain relation to one another, are 
but separate members of that larger group embraced by the geophysical 
and the cosmical sciences. 

Proceedings of the Commission. 

In the hope of assisting towards reaching the much desired goal of 
uniformity in adopted methods, upon which so much emphasis was 
rightfully placed at the recent meeting of the "Magnetic Commission," 
the following review of past resolutions is placed before the reader in 
the very convenient form adopted by Messrs. Hellmann and Hildebrand- 
son in the "Internationaler Meteorologischer Kodex, Berlin, 1907." The 
authors in their introduction state that only such resolutions are given 
as may still be of value and importance and all such are omitted as have 
either been superseded by later ones or no longer hold because of at- 
tainment of object, e, g., the resolutions of the Polar Expeditions of 
1882-83, of the recent Antarctic expeditions, etc. The place and year 
of meeting at which each resolution was adopted is given in parentheses. 
For convenience of reference a number has been added by the writer 
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of this review, as also the bracketed notes. In the translations from 
the German the attempt has been made to follow the English official 
c(^ies of the Reports as nearly as possible except, of course, when there 
were apparent errors. 

It is suggested that each worker in terrestrial magnetism or atmos- 
pheric electricity determine for himself just how many of these resolu- 
tions he has himself heeded in the past or is heeding now, and if there 
are any he is not carrying out, let him fix the cause in his own individual 
case. If he has any doubt about any of them let him address the Presi- 
dent, M. Rykatchew, or the Secretary, Adolf Schmidt. Judging from 
present publications there are probably not more than one-half of the 
total number of workers — ^if so many — who are following, for example, 
the notation for the magnetic elements given under No. 12; this may 
possibly be due, at least to some extent, to the somewhat incomplete 
manner in which that resolution was drawn up and adopted, as indicated 
in the bracketed note under the number. 

Resolutions on Terrestrial Magnetism and Earth Currents. 

1. The Lloyd Balance at present, when all precautions are observed, 

gives the most reliable results for the variations of the vertical 
magnetic intensity. (Munich, 1891.) 

2. The Conference has decided to recommend for general adoption the 

scale for the ordinates of the curves from magnetic variation in- 
struments, proposed by H. Wild and adopted by the British Asso- 
ciation Committee, viz., for declination i mm. = 1'; horizontal 
intensity and vertical intensity, i mm. = 0.00005 C.G.S. ; even 
more important is it to have uniformity in the time or abscissa- 
scale so as to facilitate comparison of curves. The Conference 
is of the opinion that copies of disturbed curves, exchanged be- 
tween the various observatories, should have a common abscissa- 
scale of 15 mm. to the hour in accordance with a resolution of 
the International Polar Conference. (Munich, 1891.) 

3. The Conference considers it necessary that the instruments em- 

ployed for absolute measurements at the different observatories 
should be compared with each other and the results be published. 
(Munich, 1891.) 

4. It appears necessary that in the introductions to publications on 

magnetic observations there be g^ven always the absolute values 
of the base lines of the variation instruments as well as all other 
related data and, especially, information regarding the auxiliary 
and control observations used for the determinations of the scale 
values of the variation instruments. (Munich, 1891.) 

5. As to the minimum of information to be published, the Conference 

suggests that at least the daily variation for each month and 
year, as also the yearly variation of the monthly means be given ; 
it regards as furthermore desirable to add reproductions of some 
of the more interesting disturbances. (Munich, 1891.) • 
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6. The question as to the derivation of the magnetic elements for a 

given epoch is reserved for discussion at a special conference 
on the problems of magnetic surveys. (Munich, 1891.) 

7. The Conference is of the opinion that observations on earth currents 

are of very great importance, but is not in a position to give 
precise instructions for carrying them out. (Munich, 1891.) 

8. It appears important to encourage further development of the study 

of earth currents. Such a study, like that of terrestrial mag- 
netism, can only be carried out in the open country at a distance 
from all industrial electrical installations. (Paris, 1896.) 
[The above resolutions were all passed before the forming of the 
Commission on Terrestrial Magnetism and Atmospheric Elec- 
tricity which came into existence, as already stated, at Paris in 
1896. The following resolutions, Nos. 9-17, were adopted as the 
result of discussions upon the propositions submitted by Messrs. 
von Bezold and Eschenhagen.] 

9. The resulting magnetic observatory values should be given for each 

hour in absolute measure, corrected for drift of base line and for 
temperature. (Paris, 1896.) 

10. It should be stated precisely how the scale readings were converted 

into absolute measure and to what extent the temperature correc- 
tion was taken into consideration. (Paris, 1896.) 

11. It appears desirable that, for each day, the magnetic values should 

be published for the commencement of each hour, local time. 
(Paris, 1896.) 

12. The following notation should be used in all countries, viz.: 

H for the Horizontal Intensity, 
X for the North Component, 

Y for the East Component, 

Z for the Vertical Component, 

V for the Potential. 

The Declination is to be indicated by the letter D; it is to be stated 
whether it is east or west of the true north. 

[This resolution is unfortunately not complete; there is given no 
letter to indicate the magnetic inclination and it is accordingly 
suggested, here, to use /. Furthermore, the sense in which Z 
is to be counted is not defined; it is customary to reckon it, as 
also /, positive (+) when the north-seeking end of the dip needle 
is below the horizon and negative ( — ) when above. Also, noth- 
ing definite is said as to how £? is to be counted; however, the 
positive direction of F, being towards the true east, east declina- 
tion is plus and west declination minus. Again, no letter is given 
for the total intensity; it might be natural to take W^ to follow 
the X, Y, Z, except that it is frequently used for other purposes; 
the letter F (force) appears to be a good one and is often used.] 
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13. It is desirable to publish the monthly means of the components, X, 

Y, Z, and, at least, for the months of January and July, the dif- 
ferences AX, AK, AZ of the hourly means on the monthly means. 
(Paris, 1896.) 

14. It appears desirable that the publication of magnetic charts should 

be accompanied by tables of the elements derived from observation 
and calculation which have been employed in the construction 
of the charts. 

15. Referring to land magnetic surveys, the variations of the magnetic 

elements are to be eliminated by means of observations at base 
stations. (Paris, 1896.) 

16. In order to compare the magnetic surveys of different countries it 

is necessary that the instruments which have been employed in 
the different magnetic surveys shall be repeatedly compared with 
each other. (Paris, 1896.) 

17. The Conference is of opinion, that it would be useful to take meas- 

ures to organize, at previously fixed times, simultaneous observa- 
tions of the declination and the horizontal intensity, in particular 
by photographic methods which surpass in accuracy and sensitive- 
ness the usual registrations. The use of instruments everywhere, 
similar in construction, is preferable. (Paris, 1896.) 

18. Upon the recommendation of the Magnetic Commission, it is resolved 

to request the directors of magnetic observatories to send, at 
regular intervals, to the Secretary of the International Meteoro- 
logical Committee a list of the days regarded by them as "mag- 
netically quiet days." The data are to be communicated in turn 
to the respective observatories. (Paris, 1900; Southport, 1903.) 

[At Southport, in 1903, Mr. Snellen, a member of the Magnetic Com- 
mission, is charged in place of the Secretary of the International 
Meteorological Committee to receive the lists of quiet days and 
to distribute them.] 

At the Conference of Meteorological Directors, held at Innsbruck 
in 1905, the following resolutions, Nos. 19-24 and VI, of the Mag- 
netic Commission which met at the same time and place, were 
adopted : 

19. The Magnetic Commission considers it essential that the instru- 

ments used at the different magnetic observatories be compared 
with one another regularly and as frequently as possible. At the 
same time it also expresses the wish that the directors of the 
chief institutes make arrangements for assuring the comparisons. 
(Innsbruck, 1905.) 

[This resolution will be seen to be the same as No. 3, passed at 
Munich in 1891 ; see also No. 16 passed at Paris in 1896.] 
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20. The magnetic observatories are requested to prepare, beginning with 

January i, 1906, lists showing the magnetic character of the day 
on the scale o (quiet days), i (disturbed days), 2 (very disturbed 
days). The question of the publication of these lists is referred 
to the permanent bureau. (Innsbruck, 1905; c/. 23.) 

21. It is desirable that the various magnetic observatories exchange 

among themselves promptly copies of greatly disturbed curves 
(type 2 according to Schmidt's scale) or of especially interesting 
days. For this purpose it is recommended that a list of magnetic 
observatories be drawn up. (Innsbruck, 1905.) 

22. The Commission is of the unanimous opinion that local circum- 

stances differ so greatly at the different observatories that it is 
undesirable to prescribe uniform rules of procedure. It is left to 
the discretion of individual directors to fix the number of absolute 
measurements for their observatories. (Innsbruck, 1905.) 

23. A permanent bureau, consisting of from three to five members, is 

to be elected from among the members of the Magnetic Commis- 
sion which is about to be appointed by the Conference. It shall 
be the duty of the bureau to carry out the resolutions of the 
Magnetic Commission and to prepare the business for the meet- 
ings. The bureau is also instructed to communicate with the De- 
partment of Terrestrial Magnetism of the Carnegie Institution 
of Washington, and to work out a plan for the co-operation of 
the larger existing institutes with the Department. This plan for 
co-operation shall be submitted at the next conference of direc- 
tors. (Innsbruck, 1905.) 

24. The completion of the network of magnetic observatories is neces- 

sary. For theoretical and' practical reasons, it is desirable in the 
first instance to aim at the establishment of a number of temporary 
stations near a line joining the poles of the magnetic axis and 
cutting Africa meridionally. These stations should be equipped 
with autographic variation instruments, and, if possible, they 
should be maintained in operation for a complete sunspot cycle. 
(Innsbruck, 1905.) 

To the above category there must be added now the following two 
resolutions passed at the Berlin meeting, which, it will be noticed, 
are largely repetitions of previous ones : 

25. The directors of magnetic institutions are requested to compare, as 

far as may be possible, their standard instruments with those of 
other countries and to communicate the results to the Executive 
Bureau. (Berlin, 1910; c/. Nos. 3, 16, 19.) 

26. It is desirable that, in the reproduction of curves of greatly dis- 

turbed days, the international scale, already previously adopted 
(c/. No. 2) of 15 mm. to the hour be used, and that, furthermore, 
those institutes which have thus far not distributed such repro- 
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ductions, do so hereafter. It is likewise earnestly recommended 
that there be given on all traces hour lines for the whole hours 
according to Greenwich time. (Berlin, 1910.) 

Resolutions on Atmospheric Electricity, 

I. Observations of atmospheric electricity are recommended only for 
the principal observatories to whom must be left the choice of the 
best observation methods and the most suitable instruments. 
(Vienna, 1873.) 
II. The Congress recognizes that the study of atmospheric electricity 
has made noteworthy progress in recent years and recommends 
comparisons between the instruments most in use. (Rome, 1879.) 

III. The Commission is of the opinion that the study of atmospheric 

electricity by means of continuous self-registering apparatus 
should be developed. (Paris, 1896.) 

IV. The Committee recognizes that the application of radium salts can 

have the same sensitiveness as the method of the water dropper 
or of the flame collector, and offers great advantages for the study 
of atmospheric electricity. (South port, 1903.) 
(The Royal Saxon Academy of Sciences furnished the Commission 
with the text of the resolutions which on May 24, 1901, were 
adopted by a Commission composed of delegates of various acade- 
mies regarding the scientific organizing of investigations on at- 
mospheric electricity; this latter Commission considered it desir- 
able to submit the question to the International Meteorological 
Committee. After taking cognizance of their report resolution 
V was passed.) 
V. The Committee has learned with great interest of this communica- 
tion: if the International Association of Academies accepts the 
proposed plan then, without doubt, the meteorological observa- 
tories will lend their support. (Southport, 1903.) 
VI. The Commission is of opinion that investigations on atmospheric 
electricity have not progressed beyond the stage of study and 
that definite methods of reduction can not be recommended as yet. 
(Innsbruck, 1905.) 

The Paris Meteorological Conference, i8p6. 

The Commission for Terrestrial Magnetism and Atmospheric Elec- 
tricity was constituted in the following manner: 

Messrs. von Bezold, President; Ellis, Neumayer, Paulsen, van 
Rijckcvorsel, Riicker, Schmidt, Chauveau, Mathias, Moureaux. 

(Report International Meteorological Conference, Paris, 1896, London, 

i897» p. 7) 
Its first meeting was held September 18, 1896, with von Bezold in 
the chair; various reports and communications were made. (loc. cit., 
pp. 27-29.) 

5 
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A second meeting occurred on September 21, 1896; it opened under 
the presidency of von Bezold, but as his presence was required else- 
where, he requested the election of a vice-president, suggesting Professor 
Riicker, who upon being duly chosen took the chair. (For a full ac- 
count, see above publication, pp. 29-34.) 

A third meeting was held September 23, 1896, under the presi- 
dency of Professor von Bezold. {loc, cit., pp. 34-47.) "The Com- 
mittee decided to propose to the Conference to instruct the IntemationaJ 
Committee to nominate a Committee for the consideration of the ques- 
tions from the programme which had been referred to it." 

The International Conference on Terrestrial Magnetism and Atmos- 
pheric Electricity held at Bristol, England, in i8p8. 

This very successful meeting was held in affiliation with Section 
A of the British Association, Sir Arthur Riicker being President of 
the Conference, and Dr. C. H. Lees, of Owens College, Manchester, 
and one of the secretaries of Section A serving as secretary. For a full 
account of the conference see this Journal, v. iii. No. 3, September, 

1898 (93-134). 

The business of the Conference was to consider mainly four ques- 
tions referred to the Magnetic Commission by the International Meteoro- 
logical Conference and to discuss such other questions as might be 
brought up. The four questions referred to were: 

1. Report on the relative advantages of long and short magnets. 

Professor E. Mascart. 

2. On the establishment of temporary magnetic observatories in 

certain localities, especially in tropical countries. Professor 
W. von Bezold and General Rykatchew. 

3. Discussion as to whether in calculating monthly means all days 

are to be taken into consideration. 

4. Discussion as to the publication of the differences between the 

hourly and monthly means of the components of the mag- 
netic forces. 
Fifteen papers or reports were presented, besides a joint discussion 
was had with Sections A and G of the British Association on "The 
Magnetic and Electrolytic Actions of Electric Railways." 

The following resolutions regarding future organization were passed 
and are given in the President's Report submitted to the International 
Meteorological Committee, St. Petersburg, 1899: 

It is desirable that Terrestrial Magnetism continue to be within the 
scope of the International Meteorological Conference, pro- 
vided that: 
(i) Invitations to attend the Conference are issued as widely as 
possible to directors of magnetic observatories, and to all 
students of terrestrial magnetism. 
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(2) That the Permanent Committee on Terrestrial Magnetism and 

Atmospheric Electricity, as established at the Paris Con- 
ference, be continued. 

(3) That in future there shall be a magnetic section of the Inter- 

national Meteorological Conference, which shall elect a 
Permanent Magnetic Committee. 

(4) That the Magnetic Committee have power to summon an In- 

ternational Magnetic Conference at times other than those 
at which the whole of the International Meteorological 
(and Magnetic) Conference may meet. 

The Sub-Committee also considers that the President of the 
Permanent Magnetic Committee should only hold office 
between two successive meetings of the International Mete- 
orological (and Magnetic) Conference. 

The Innsbruck International Meteorological Conference, 1905. 

In the English Report of this Conference, published at London in 
1908, the reports of the proceedings of the Magnetic Committee are 
now referred to as reports of "The Commission on Terrestrial Mag- 
netism and Atmospheric Electricity." In all, four meetings were held, 
imder the presidency of General Rykatchew, Sir Arthur Riicker having 
resigned as President but continuing as a member. At the last meeting 
(September 14, 1904) the "Permanent Bureau" was elected. For a 
full account, in German, of the proceedings, see Terr, Mag., Vol. X, 
pp. 195-201. 

The Berlin Meeting, 1910, 

For a full account of this meeting see this Journal, pp. 181-192. In 
all eight resolutions were passed, one of which ag^in emphasizes the 
need of comparisons of magnetic instruments — a matter agitated since 
the Munich meeting in 1891, but which has only in recent years begun 
to be officially put into execution. Another refers once more to the 
desirability of uniformity in the copies of disturbed curves, exchanged 
between observatories, and recommends the same time scale agreed upon 
at Munich nineteen years ago, and still not yet generally adopted. Two 
very important questions, in spite of vast accumulated experience during 
the past seven decades, and although considered in one form or another 
at previous meetings, failed of being settled in some definite form and 
accordingly the easy method of disposition — reference to a sub-committee 
once more for report about five years hence — was adopted. 

These two important practical questions were: first, the principles 
to be used in the classification of the "magnetic character" of a day 
(referred to a sub-committee, Messrs. Chree, van Everdingen, and 
Schmidt, all of whom, by the way, are members of the "Executive 
Bureau") ; second, regarding the minimum to be given in observatory 
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publications (referred to the "Executive Bureau" for preparatory study 
and report at next meeting). The failure in reaching agreement on 
these questions appears to have been chiefly due to differences in opinion, 
or because of unpreparedness, among the members of the Executive 
Bureau themselves. 

The remaining four resolutions were either votes of thanks to those 
who made important communications or recognition of work accom- 
plished or proposed. 

Not a single new magnetic observatory has, as yet, been put in 
operation along the line suggested at the Innsbruck meeting five years 
^So {cf. Resolution 24). Why? Is this due to lack of enlightenment 
on the part of the governments concerned, or to lack of individual 
enterprise on the part of those who have charge of the advancement of 
any portion of the project? 

One of the resolutions of thanks records the completion and publi- 
cation of the "List of Magnetic Observatories." The "Executive Bu- 
reau" was officially charged with this task at the Innsbruck meeting 
of 1905, but the methods pursued by it permitted a more energetic solu- 
tion by commendable individual enterprise. The present List may not be 
as good as that of the "Bureau" would have been, but it, at least, records 
something done ; it is to be hoped, however, that the "Bureau" will also 
continue its own List with the view of ultimate publication. 

The responsibility of taking whatever steps may he necessary to- 
wards accomplishing the aims of the Commission rests on the members 
of the Executive Bureau, The hope is expressed here that they will 
begin the work of preparation for the next meeting of the Commission 
now and not wait until a few months before the time of meeting, when 
members may have insufficient time to reply adequately or intelligently 
to questions raised in the preliminary circulars. 

It is believed that, as there is now an Executive Bureau, there 
should be no difficulty in preparing all necessary information and taking 
all requisite steps in ample time, so that some definite action — one way 
or the other — may be taken, at least on the more important purely prac- 
tical problems of magnetic work. The columns of this Journal are open 
at any time for facilitating the promulgation of matters proposed by the 
Bureau for discussion or otherwise. 

The chief success of a conference, after all, is not to be gauged by 
its more formal acts but by the effects from the friendly intercourse 
of workers in the same field and by the resulting mutual interchange of 
ideas. Judging from reports received and from those already published, 
the BerHn meeting must be accorded high rank in this regard. No doubt 
the impressions taken away by those who participated in the meetings 
arid who had the opportunity of seeing the admirable scientific work of 
the Berlin and Potsdam Institutions have not only been pleasant but 
profitable ones as well. 
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Present Membership of the Commission on Terrestrial Magnetism and 

Atmospheric Electricity of the International Meteorological 

Committee. 

President, M. Rykatchcw, Secretary, Adolf Schmidt 

Name. Country. City. 

Angot, Alfred France Paris 

Bauer, L. A United States, N. A. . . Washington, D. C. 

Bigelow, F. H Argentina Buenos Aires. 

Carlheira-Gyllenskold, V. .Sweden Stockholm. 

Chree, C England Richmond. 

Dubinsky, W Russia Pawlowsk. 

van Everdingen, E Holland De Bilt. 

Fans, R. L United States, N. A. . . .Washington, D. C. 

Kesslitz, W Austria Pola. 

Liznar, J Austria : Vienna. 

Mendenhall, T. C United States, N. A (Foreign resident.) 

Messerschmitt, J. B Germany Munich. 

Palazzo, L Italy Rome. 

Riicker, A. W England London. 

Rykatchew, M Russia St. Petersburg. 

Schmidt, Ad Germany Potsdam. 

Schuster, A England Manchester. 

Stupart, R. F Canada Toronto. 

Tanakadate, A Ji^P^n Tokio. 

Executive Bureau: Rykatchew, Chairman; Schmidt, Secretary; Chree, 
Carlheim-Gyllenskold, and van Everdingen. 

The countries having more than one member are Austria (3), 
United States of North America (3, one of them is inactive because of 
illness, and lives in Europe), England (3), Germany (2), and Russia 
(2). Thirteen of the nineteen members represent European countries; 
while, strictly speaking, the Commission is not as fully international 
as desirable, the attempt is being made, as shown by the new members 
recently elected, to secure a more general representation of all countries 
engaged in magnetic work of some kind. 

Conclusions, 

The work of the Commission on Terrestrial Magnetism and Atmos- 
pheric Electricity of the International Meteorological Committee has 
been done as well as circumstances have permitted. There would appear 
to be, however, ample room for another organization, on a sufficiently 
broad and independent basis, to provide effectively for aU the varied 
needs of magnetic and electric work. The tasks set to this new organi- 
zation would not render superfluous the work really designed for the 
Meteorological-Magnetic Commission; the two bodies would find abun- 
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dant opportunities for cordial co-operation. The international magnetic 
organization, here had in mind, resembles somewhat that proposed by 
Professor Arthur Schuster in this Journal, vol. II, p. 35 (A Proposal 
with Regard to an International Magnetic Congress). We fully endorse 
his view: "The Congress, if it is called together, must be as widely as 
possible open to all those interested in the subject. A conference in 
which those who take part appear as 'delegates' of different scientific 
societies or different countries, would, I am convinced, lead to nothing; 
but it is unnecessary to enter here into the reasons which lead rae to 
that opinion." We believe in a sufficiently open organization to em- 
brace every worker in terrestrial magnetism and atmospheric electricity 
on an equal footing as far as possible; upon the enterprise and enthu- 
siasm of the individual worker, the success of an organization, in the 
last analysis, ultimately rests. An International Magnetic Union, 
founded on similar lines to those of the International Solar Union and 
under the patronage of the International Association of Academies, may 
possibly be found to answer more nearly all requirements. 



Addenda. 

As the Journal is about to go to press, the very promptly printed Report of the Berlin 
meetings of the International Meteorological Committee and of its Commission on Terres- 
trial Magnetism and Atmospheric Electricity is received (Publication 227 of the Royal 
Prussian Meteorological Institute). 

From this the following additional information is derived: 

P. 14. At the fifth session of the International Meteorological Committee "the various 
resolutions of the Magnetic Commission are accepted, with slight modifications by the Com- 
mittee.'* In this connection Mr. Hellmann expresses to Mr. Ryder the hope that he will 
bring about the publication of the results of the magnetic survey of Denmaric made by the 
late Professor Paulsen. He also reports that according to a letter he had received from 
Dr. Knoches, it is proposed to establish a magnetic observatory in Santiago de Chile. 

Mr. Hellmann next refers to the fact that the Commission created at the Paris Con- 
ference was on Terrestrial Magnetism and Atmospheric Electricity, however, the Commis- 
sion thus far has confined its labors practically to Terrestrial Magnetism alone. In view 
of the recent advances in Atmospheric Electricity, it would seem that the latter subject 
should also receive attention. Since the Magnetic Commission has likewise expressed the 
desire to confine its labors to Terrestrial Magnetism, he proposes for some future occasion 
the formation of a special Commission on Atmospheric Electricity. Messrs. Angot, Rykat- 
chew and Shaw, as also Mohn, who makes a report on atmospheric electricity observations 
at Christiania, express their agreement with Hellmann*s proposal. 

The Commission recognizing the importance of observations in Atmospheric Electricity 
resolves as follows: 

Thg Commission on Terrestriai Magnetism and Atmospheric Electricity will in future 
be the Commission on Terrestrial Magnetism. 

The Committee contemplates the formation of a special Commission on Atmospheric 
Electricity some time in the near future. 

The following additional Commissions should be added to the list g^iven in the first 
part of the above article: 

Internationale Kommission fiir Wettertelegraphie. 

Internationale Kommission fur Maritime Meteorologie und Sturmwamungssignale. 

Internationale Kommission des Weltnetzes (reseau mondial). 
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LIFE AND WORK OF ROBERT WERE FOX, 1:789-1877. 

When Falmouth, England, was finally selected as a port of call 
on the first cruise of the Carnegie, I had forgotten at the time that this 
quaint old harbor town was the birthplace and home of the inventor 
of the first dip circle designed especially for the determination of dip 
and magnetic intensity on board ship — the well-known "Fox Dip Circle." 
It was indeed this instrument which made possible the admirable ocean 
magnetic work in the fourth decade of the last century on the well- 
known vessels the Erehus, the Terror and the Pagoda, And the in- 
strument was put to good use also on subsequent expeditions — that 
of the Challenger, 1872-76, the Gazelle, 1874-76, the Arctic Expedi- 
tion under Captain Nares, and on the recent British and German Ant- 
arctic Expeditions. 

Sabine, the foremost general magnetician of his day, in giving 
an account of the magnetic observations made on board the Erehus 
and the Terror, in the summer of 1840, 1841, under the command of 
Captain James Clark Ross, says: "I can not close this section without 
calling the attention of all who take interest in the results of these 
researches, to the invaluable aid for which magnetical science is in- 
debted to Mr. Fox." 

For the portrait, contained in this issue, and for many inter- 
esting facts, as well as the privilege of seeing one of the first "Fox 
dip circles" and of examining many interesting documents, the writer 
is greatly indebted to Robert Fox, Esq., of Grove Hill, Falmouth. 

Robert Were Fox was born on April 26, 1789, at Falmouth, Eng- 
land, where he continued to reside, or in its vicinity, until his death, 
in 1877, in his eighty-ninth year. His father had been accorded the 
rare honor of being appointed, though not a citizen of the United States, 
to a consulship by President Washington. As one testimonial of the 
high esteem in which the family has been held abroad, as well as at 
home, it may be mentioned that this consulship remained in the Fox 
family until the post was abandoned a few years ago. 

Mr. Fox received his education at home in the classics, mathe- 
matics, and in some foreign languages, but soon showed a decided 
bent for experimental investigation; thus in his twenty-third year and 
thereafter he was associated with his friend, Joel Lean, in various costly 
experiments on high pressure steam and other subjects. In 1814 he 
married Maria, the fourth daughter of Robert Barclay, visiting with her 
France, where he made the acquaintance of the most distinguished men 
in science of the time. As the family was financially interested in 
the Cornwall mines, he became absorbed in various physico-chemical 
problems relating to mines, among others, the gradual increase of tem- 
perature with depth, converting Humboldt, who at first opposed him, 
to his views. (C/. Trans. Geol. Soc, Cornwall, 1819, '20, and '22.) 

Mr. Fox next became interested in the study of earth electric 
currents; he read a paper in June, 1830, before the Cornwall Geo- 
logical Society "on the electro-magnetic properties of metalliferous 
veins in the mines of Cornwall." It was apparently in connection 
with these studies that he was led into the construction of his "deflector 
needle," with which he determined the magnetic dip and intensity at 
various places in the British Isles and on the continent. In 1838, when 
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Steinheil announced that the earth could form part of an electric cir- 
cuit, the same fact had been independently discovered by Mr. Fox 
and communicated to Professor Wheatstone. 

His scientific pursuits did not prevent him from taking a leading 
part in various philanthropic and humanitarian projects. He was a 
devout member of the Society of Friends, a founder and a frequent 
contributor to the Royal Cornwall Polytechnic Society, vice-president 
of which he was several times, a Fellow of the Royal Society, a member 
of the American Philosophical Society and of several other societies. 
He had as his guests at various times most of the eminent men 
of science of his time, both at home and abroad; in the charming 
"Memories of Old Friends," by his daughter, Caroline Fox, will be 
found many interesting allusions to these visits — especially of value 
here are the references to magneticians and explorers. Further facts 
will be found in J. H. Collins' "Catalogue of the Works of Robert Were 
Fox," Truro, 1878. 

It was doubtless due to Fox's work in terrestrial magnetism which 
led the Cornwall Polytechnic Society to establish and maintain for 
so many years the Falmouth Meteorological and Magnetic Observatory. 

L. A. B. 
The following are his papers in terrestrial magnetism: 
1834. Notice of an instrument for ascertaining various properties of 
terrestrial magnetism, and affording a permanent standard meas- 
ure of its intensity in every latitude. PhxL Mag,, IV, 1834, pp. 
81-88. 
1834. Dipping Needle Deflector. For ascertaining the variation, dip, 
and intensity of the terrestrial magnetism. Rep. Roy, Com, Poly- 
tech, Soc, 1834, pp. 25-35. 
1834. Description of some Improvements in the Dipping Needle De- 
flector. Rep, Roy, Corn, Polytech, Soc, 1835, pp. 50-56; also 
Brit, Assoc, Rep,, 1835, P- ^5- 
1834. A Chart and Table of the dip and intensity of the terrestrial 
magnetism in some parts of England, Ireland, and Wales, with 
some remarks thereon. Rep. Roy, Corn, Polytech, Soc, 1835, 
pp. 57-62. (The observations were made by Fox.) 
1836. The Magnetic Balance. Elect,, 1836-7, pp. 494, 495; also in 

Rep, Roy, Corn, Polytech, Soc, 1836, pp. jj, 78. 
1838. Magnetic Observations. Rep, Brit, Assoc, 1838, pp. 67, 89, loi, 

147. (These form part of Sabine's report.) 
1838. Description and use of dipping needle deflector, by R. W. Fox 
and T. B. Jordan. Sturgeon, Ann, Elect,, i838-'9; pp. 288-297. 
1838. Observations de 1' inclinaison et de 1' intensity magnetiques faites 
en differents lieux de 1' Europe. Compt, Rend,, VII, 1838, pp. 
980-982. 
1842. Instructions for using Mr. Fox's instrument for determining the 
magnetic inclination and intensity. (Publ. by the Brit Ad.; 
partly drawn up by Mr. Fox.) 
1859. Results of experiments on the magnetic dip in different parts 
of Europe. Rep. Roy, Com, Polytech, Soc, 1852 ; Rep Roy. Inst. 
Corn,, p. 20. (Observations made on a holiday tour in England, 
France, Switzerland, Germany, and Italy.) 
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ON PRECURSORS OF MAGNETIC STORMS.* 
By R. L. Paris. 

In the issue of "Nature" of April 28, 1910 (p. 254), the Rev. J. de 
Moidrey, director of the magnetic observatory at Zi-ka-wei, China, 
gives some notes on what he has termed the "precursor" of magnetic 
storms observed by him on the records of his observatory as preceding 
the magnetic storms which have sudden beginnings. As he asks for 
fiuther information on the subject from other observatories these notes 
are submitted. 

In defining what he terms "precursors," de Moidrey states "that dis- 
turbances with a 'sudden start' very generally have a kind of 'prelim- 
inary tremor* some hours before the start; the curve, which we suppose 
to be quite smooth, is interrupted by a short movement, which lasts 
but for the remaining hours. The tremor may be very small indeed, 
but the two characteristics, to be found on a smooth curve, and to be 
of very short duration, make it very easy to point out and tell the time." 

Keeping in mind the above given characteristics of the "precursor," 
the magnetograms of the United States Coast and Geodetic Survey ob- 
servatories at Cheltenham, Baldwin, and Honolulu were carefully exam- 
ined for the disturbances of the corresponding dates given by de Moidrey. 
These observatories were purposely chosen as being both in higher and 
lower latitudes than Zi-ka-wei. As the magnetic curves are in general 
smoother and less disturbed as the equator is approached, it was thought 
that a favorable comparison could be made by taking stations in both 
greater and less latitudes than Zi-ka-wei. 

The table opposite shows the results of the comparison, the third 
and fourth columns giving the times of the sudden beginnings of the 
storms and the times of occurrence of the "precursor" at Zi-ka-wei, 
the remaining columns giving the times of occurrence of the "precursor" 
at the station named at the head of the column. 

The times given in the table for Cheltenham, Baldwin, and Hono- 
lulu were in each case read from one of the curves only, the time being 
read from the curve where the disturbance best conformed to the ap- 
pearance that I supposed the precursor should be like. In Nos. i and 
6 at Baldwin and Honolulu the times given were read from the declina- 
tion curve, and in Nos. 7 and 24 from the horizontal intensity curve. 
The time given for Cheltenham in No. 7 was read from the declina- 
tion curve, and for No. 13 from the horizontal intensity curve. 
In the case of Nos. i, 6 and 7 the disturbance was noted on all three 
elements (D, H and Z), H in general showing the largest deflection 
and Z the least No disturbance was noted in the vertical intensity 
curve in No. 13, nor in No. 24 at Baldwin. 

1 Published by permission of the Saperintendent of the Coast and Geodetic 
Survey. 
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The twenty- four cases given in the table showed storms with sud- 
den beginnings at Cheltenham, Baldwin, and Honolulu, but it is seen 
that there were but few instances when anything resembling the "pre- 
cursor" could be recognized, the best example being No. 7. No. 6 and 
No. 24 were fair examples, and No. i was less defined than the others. 





Date 


Zi-ka-wei 


Cheltenhtm 


Baldwin 


Honolulu 


No 












Sudden Suuru 


Preliminary 


^-76 SO 5 


Xm95 10 .0 


X.isS'^os .8 




1907 


d h m 


d h m 


d h m 


d h m 


d h m 


I 


Jan. 8 


8 1645 


8 I 45 


None 


8 I 50.7 


8 I 46.2 


2 


" II 


II 845 


10 3 10 


«« 


None 


None 


3 


J. '^ 


14 1935 
7 8 10 


u 10 30 
6 23 55 


It 


II 


«l 


4 


Feb. 7 


« 


« 


l< 


5 


" 9 


9 14 12 










6 


" 14 


14 4 37 


13 I? 47 


II 


13 19 59.6 


13 19484 


7 


Mar. 10 


10 5 03 


9 16 ? 


9 13 4M 


91344.0 
No record 


9 13 56.1 


8 


" II 


II 17 23 


" 13 45 


None 


None 


9 


" 21 


i8 13 i5 


21 9 50 


It 


None 


II 


10 


May 18 


18 10 52 


tt 


II 


II 


II 


J-M 


3 22 55 
18 342 










12 


17 17 20 


It 


i< 


<i 


13 


July 10 


10 14 23 

2§ 4 18 
28 12 


10 II oas 


10 10 21. 1 






14 


:: M 


24 1440 


None 


II 


II 


15 










16 


Aug. 14 


14 15 03 


14 II 00 


«i 


II 


II 


17 


" 20 


20 2 24 


19 13 30 








18 


." 30 


30 7 15 


30 5 08 


II 


II 




19 


Sep. 10 


10 I 50 


9 15 00.25 


II 






20 


Oct 13 


13 7 45 


13 00,5 








21 


Nov. 21 


21 10 45 










22 


Dec 4 
1908 


4 5 45 


3 20 57 


II 


II 


(4 


23 


Jan. 27 


27 13 48 


27 25 








24 


Feb. 22 


22 12 08 


21 19 20 


II 


21 19 19.5 


21 19 18.2 



In all of them, except No. 7, the curves show disturbances at other in- 
tervals than at the time given, and the disturbances do not stand out 
alone on otherwise smooth curves as definite impulses, that is, other 
small disturbances occur before and after the one the time of occurrence 
of which is given in the table. In the case of No. 7 at Cheltenham, the 
duration of the preliminary impulse was twenty-two minutes, and its 
amplitude was two minutes of arc on the declination trace. In making 
the foregoing comparisons the traces of all three elements, D, H and Z, 
were examined for each of the twenty-four dates given. 
Coast and Geodetic Survey, Washington, D, C, 
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RECORD OF LIGHTNING STROKE AT CHELTENHAM 
MAGNETIC OBSERVATORY.* 

By R. L. Paris. 

During the prevalence of a severe local thunderstorm in the even- 
ing of July 12, 1910, the magnetic observatory of the United States 
Coast and Geodetic Survey, situated at Cheltenham, Maryland, was 
struck by lightning. The charge first struck the flagpole which was 
mounted on the southern end of the roof of the "variation building," 
the one in which the photographically recording magnetic instruments 
are mounted. The top of the flagpole stood about twenty-five feet (7.62 
meters) above the roof of the building. The charge shattered the flag- 
pole as it passed down it to within about a foot from its base, where it 
left it and jumped over to a copper nail in the roof, where a hole about 
two inches (5 cm) in diameter was pierced through the roof. After 
passing through the roof, the charge separated into several branches, 
one going down through the air space between the outside casing of 
the building and the insulation material,' other parts of it going down 
the copper ventilators into the Adie magnetograph room. The charge 
which went down through the air space, between the walls of the build- 
ing, forced the door-facing from the door in the entrance vestibule, and 
then followed along some call-bell wires the entire length of the vestibule 
connecting the ofiice and variation rooms, into the ofiice, fusing the 
wires at various places along the way, and also punctured a small hole 
in the water tank in the dark-room which is located in one comer of 
the office. The walls of the vestibule and dark-room were more or 
less scorched at various places where the bell wires were fused off. 

No damage was done to the absolute instruments which are located 
in the two wing rooms on either side of the office room. The charge 
which entered the Adie magnetograph room put the three components, 
D, H, and Z, of the magnetograph out of adjustment, the charge also 
entering the recording apparatus and slightly fusing some of its gear- 
wheels, thus stopping the apparatus and spoiling the photographic paper. 
When the magnetograph sheets were afterward developed they were 
found to be entirely black, having been "light struck" by the lightning 
charge which entered the recording apparatus, thus completely obliterat- 
ing the magnetic traces of the previous twenty-four hours." The three 
oil-bumtng illuminating lamps were also extinguished by the shock. 

Fortunately for the continuous records of this observatory, no 
part of the electrical discharge appears to have entered the Eschen- 
hagen magnetograph room, and a record of the time of the occur- 
rence of the lightning stroke was obtained on the Eschenhagen in- 

1 Published by pennistion of the Superintetideiit of the Coast and Geodetic 
Survey, Mr. O. H. Tittmann. 

' For a description of the construction of this observatory building and its in- 
strumental equipment, see this Journal, Vol. VIII, No. i, pp. xi-99; also Coast and 
Geodetic Survey Report for 1902, pp. 315-323. 

* This was the second day after the photographic i>aper had been put on the 
registering apparatus. The paper, by a slight lateral shift at the end of the first 
twenty-four hours, is made to run forty-eight hours without change. 
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FIGURE I. CHELTENHAM MAGNETIC OBSERVATORY (LOOKING NORTHWEST). 
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FIGURE 2. SECTION OF VARIATION OBSERVATORY, ADIE ROOM, 
CHELTENHAM MAGNETIC OBSERVATORY. 
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RECORD OF LIGHTNING STROKE 213 

struments. The mechanical shock of the electric discharge upset the 
adjustment of the Eschenhagen vertical intensity or Z instrument, but 
the declination D and horizontal intensity H instruments remained 
in good working order, but suffering a slight displacement. 



Figure 3. Record of the Eschenhagen magnetograph at the Chelten- 
ham Magnetic Observatory at the time of the lightning stroke, July 
12, ipio. 

As will be seen from the record of the Eschenhagen magneto- 
graph reproduced here, the effect of the electric discharge was to sud- 
denly displace the magnets slightly, and set them vibrating symmet- 
rically about their new positions, the effect occurring simultaneously 
on all three elements (the Z magnet upsetting at the time of the 
initial impulse), as shown by the time-scalings* given in the following 
table: 



Record time of shock, . . 
Correction for overlap, . 
Cor'n to L. M. T., .... 


D 
h m 

. 18 59.4 
. -f 01.5 
. — 05.8 


H 
h m 

19 02.1 

— 01.2 

— 05.8 


Z 

h m 

19 01.8 
— 01.2 
-05.8 

1854.8 




L. M. T. of shock, . . . . 


. 18 55.1 


18 55.1 


h m 

Mean 18 55.0 



^ The times were scaled independently by two persons, the mean results differ- 
ing by 0.3™, the one being i8»» 55.0", the other 18^ 55.3™. 
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The difference of 0.3 of a minute between Z and D and H must 
doubtless be attributed wholly to the uncertainty of scaling the time 
from the magnetogram, and this is in fact a measure of the accuracy 
of that operation.* 

As above stated, the Z instrument was upset by the shock, and 
no record was obtained from it until it was readjusted at the regular 
hour on the following morning (8 o'clock). The displacement of H 
was 2.6 mm., which would be equivalent to a decrease of 4.5 ir 
(i7=.ooooi c. g. s. unit). The displacement in D was 1.2 ram., which 
would be equal to an increase of 1.2' of west declination. 

The base-line values should be an indication as to what extent 
the displacements were permanent, as no adjustments of the D or H 
instrument were made during the month of July. The following table 
gives the D and H base-line values as determined before and after this 
disturbance, during the month of July: 



Date 


D bue-line 


Dau 


H base-line 


1910 

Jaly 5 
II 

14 

\l 

25 


4** 37.99 
37.97 
36.50 

37.04 
37.45 
3740 


Julys 

II 

\l 

25 


95 


Mean, July 5. 11 

Weighted mean 

July 14-25 


37.98 
37.25 




19689 
19687 


Difference 


0.73 




2 



From the above table it is seen that the declination base-line was 
somewhat less than one minute of arc smaller after July 12th than 
before that date, indicating a change in the position of the declination 
magnet. The base-line value of July 14th is from a single observation. 
However, it would appear that the slight shift of the declination magnet 
is due to mechanical cause and not to any change in the magnetic 
element. The H element shows no permanent change, as the base- 
line is the same after the 12th of July as before that date. 

The record reproduced above shows that a number of electrical 
discharges occurred in the neighborhood of the magnetic observatory 
during this same thunderstorm, some of them occurring before and 
some after the one that struck the observatory. 

Magnetograph records showing disturbances with similar charac- 
teristics to those here described have been repeatedly noted at the 
magnetic observatory at Baldwin, Kansas, where during the summer 
season thunderstorms are of frequent occurrence. 

Coast and Geodetic Survey, 
Washington, D. C, 

^ In further reference to the possible accuracy of time scalings from masrneto- 
grams see this Journal, Vol. XV, No. 2, pp. 98-99. 
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LETTERS TO EDITOR 



PRINCIPAL MAGNETIC STORMS RECORDED AT THE 
CHELTENHAM MAGNETIC OBSERVATORY. 

July i to Sbptbmber 30, 1910. 

Latitude: 38^ 44^,0 N; longitude: 76^ so^^ or s^o^^^ 
West of Greenwich 



ORBBNWICH MBAN TIMB 


RAN6B 


Beginning 


Bnding 


D 
(Declination) 


H 
(Hor'l Int.) 


z 

(Ver»l Int) 


Dft7 h 


m 


Dmy 


h 


t 


y 


y 


,«}y 4, 15 


19 


J«iy 7. 


13 


23.2 


116 


82 


,uly 22, 14 


52 


July 24, 


II 


lao 


71 


35 


, uly 28, 22 


31 


Jttiy 30, 


10 


14.7 


91 


37 


Aug. I, 9 


31 


Aug. 2, 


II 


17.7 


91 


5? 


Aug. 4. 


19 


Aug. 5. 


9 


17.6 


.P 


36 


Aug. 9, 13 


22 


Aug. II, 


I 


37.1 


317 


Aug. 14, 12 


09 


Aug. 15, 


7 


16.3 


100 


40 


Aug. 18, 3 


25 


Aug. 20, 


9 


19.1 


108 


76 


Aug. 21, I 


26 


Aug. 22. 


23 


35.6 


214 


198 


Aug. 28, 3 


17 


Aug. 31, 


12 


313 


1^ 


99 


Sept 6. 3 


31 


Sept 7. 


II 


27.9 


40 


Sept 20. 9 


08 


Sept 21, 


13 


24.1 


69 


38 


Sept 22, 3 


28 


Sept 23, 


II 


14.3 


95 


47 


Sept 24. 6 


CX> 


Sept 30. 


15 


37.5 


129 


99 



O. H. TiTTMANN, Superintendent, 
Coast and Geodetic Survey, 



J. E. BURBANK, 

Observer-ni' Charge, 



DIE ERDMAGNETISCHEN ELEMENTE IN APIA, 1905-08. 

Im Bezug auf meinen Artikel in Terr, Mag, XV, pp. 169-172, teile 
ich Ihnen folgendes mit: 

Bei einer nochmaligen Durchsicht der Horizontal-Intensitat Be- 
obachtungen hat sich ein Additionsfehler vorgefunden, namlich bei den 
Monatsmittel Dezember 1906, statt 0.35676 muss es heissen 0.35646; in- 
folgedessen audi das Jahresmittel fur 1906 von 0.35658 auf 0.35655, so- 
wie das fur 1908 von 0.35616 auf 0.35613 zu andern ist 

Audi soil es heissen: Horizontal-Intensitat im Mittel — ^217 (fallend),. 
statt +217 (wadisend). 

Gottingen, den Sept, 27, ipio, G. AngenhEister. 
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SIMPSON'S THEORY ON THE ELECTRICITY OF RAIN.i 

It is now more than a century and a half since Franklin proved 
the lightning of storms to be only an electrical phenomenon, but from 
that day to this there has been no concensus of opinion concerning the 
origin of electricity in thunderstorms, nor, except the one under review, 
any theory of this origin that was supported both by abundant obser- 
vations and by imitative laboratory experiments. Mr. Simpson's paper, 
therefore, is on a most interesting subject, and the success which 
he has attained with this difficult problem makes it imperative that 
all who wish to understand the phenomena of thunderstorms should 
become acquainted with his work. 

The observations were secured at Simla, India, at an elevation of 
about 7,000 feet above sea level, and covered all of the monsoon seasons, 
that is, roughly, April 15 to September 15, of 1908 and 1909. Obser- 
vations were also secured of the electrical conditions of snow during 
the winter of 1908-09. 

A tipping bucket rain gauge gave an automatic continuous record 
of the rate and time of rainfall, while a Benndorf self -registering 
electrometer marked the sign and potential of the charge acquired dur- 
ing each two-minute interval. A second Benndorf electrometer re- 
corded the potential gradient near the earth, while a coherer of the 
wireless telegraphy type registered the occurrence of lightning dis- 
charges. 

All obvious sources of error were examined and carefully guarded 
against Hence it would seem that the conclusions drawn from the 
thousands of observations secured and given in the memoir are fully 
justified. These are, for the rain: 

(i) "The electricity brought down by the rain was sometimes positive 
and sometimes negative." 

(2) "The total quantity of positive electricity brought down by the 

rain was 3.2 times greater than the total quantity of negative 
electricity." 

(3) "The period during which positively charged rain fell was 2.5 

times longer than the period during which negatively charged 
rain fell." 

(4) "Treating charged rain as equivalent to a vertical current of 

electricity the current densities were generally smaller than 
4Xio-^* amperes per sq. cm.; but on a few occasions greater 
current densities, both positive and negative, were recorded." 

1 Part 8, Vol. XX, Memoirs of the Indian Meteorological Department, by 
George C. Simpson, D. Sc. Polio, 192 pages and a plates, Government Central Branch 
Press, Simla. Price, three rupees, or about $i.y>, 
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ELECTRICITY OF RAIN 2 1 7 

(5) "Negative currents occurred less frequently than positire cur- 

rents, and the greater the current density the greater the pre- 
ponderance of the positive currents." 

(6) "The charge carried by the rain was generally less than 6 electro- 

static units per c. c. of water, but larger charges were occa- 
sionally recorded, and in one exceptional storm (13th May, 1908) 
the negative charge exceeded 19 electrostatic units per c. c" 

(7) "As stated in (3) above positive electricity was recorded more 

frequently than negative, but the excess was the less marked the 
higher the charge on the rain." 

(8) "With all rates of rainfall positively charged rain occurred more 

frequently than negatively charged rain, and the relative fre- 
qnency of positively charged rain increased rapidly with increased 
rate of rainfall. With rainfall of less than about i mm. in two 
minutes, positively charged rain occurred twice as often as 
negatively charged rain, while with greater intensities it occurred 
fourteen times as often." 

(9) "When the rain was falling at a less rate than about .6 mm. in 

two minutes, the charge per c. c. of water decreased as the in- 
tensity of the rain increased." 

(10) "With rainfall of greater intensity than about .6 mm. in two 

minutes the positive charge carried per c. c. of water was in- 
dependent of the rate of rainfall; while the negative charge 
carried decreased as the rate of rainfall increased." 

(11) "During periods of rainfall the potential gradient was more often 

negative than positive, but there were no clear indications of a 
relationship between the sign of the charge on the rain and the 
sign of the potential gradient." 

(12) "The data do not suggest that negative electricity occurs more 

frequently during any particular period of a storm than during 
any other." 

Concerning his observations on the electrification of snow Mr. 
Simpson says: 

"As far as can be judged from the few measurements made 
during the winter of 1908-09 it would appear that: 
(i) "More positive than negative electricity is brought down by snow 
in the proportion of about 3.6 to i." 

(2) "Positively charged snow falls more often than negatively 

charged." 

(3) "The vertical electric currents during snowstorms are on the 

average larger than during rainfall." 

(4) "The charge per unit mass of precipitation is larger during snow- 

fall than during rainfall." 

While these observations were being secured a number of well- 
devised experiments were made, by which there was imitated in the 
laboratory each obvious process that takes place in the thunderstorm 
and its electrical eflFects noted. 
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Freezing and thawing, air friction and some other things were 

tried, but none of them produced any electrification. However, it 

was found that drops of distilled water on being broken up by an air 

blast acquire positive charges. These experiments show : 

(i) "That breaking of drops of water is accompanied by the production 

of both positive and negative ions." 
(2) "That three times as many negative ions as positive ions are 
released." ^ ' 

Now a strong upward draft is one of the most conspicuous features 
of a thunderstorm, and besides it is well known that water can not 
fall through air of ordinary density that is rising with the velocity 
of 8 meters per second or over, — drops below a certain size are carried 
up while larger ones are first broken into smaller and the individual 
droplets then carried aloft. 

It would appear, then, that the strong upward currents of air that 
produce cumulus clouds often break up and electrify the drops bf rain 
formed in them. Such drops will readily recombine and again be 
broken from one to many times with the formation of a correspondingly 
increased charge. After a time these drops will reach a place below 
which the up draft is small and then fall as positively charged rain. 
The' negative electrons will be carried up into the higher portions of 
the cloud, there unite with the fog particles and facilitate their 
coalescence into negatively charged drops. Hence the heavy rain of a 
thunderstorm should be positively charged, as it almost always is. 
and the gentler portions negatively charged which also usually id iht 
case. 

Such in brief is Mr. Simpson's theory of the origin of the elec- 
tricity of thunderstorms; a theory that accounts for the facts of obser- 
vation, and in turn is well supported by experiment. 

W. J. Humphreys. 

U, S. Weather Bureau, Washington, D, C, 



CORRIGENDA. 

In accordance with Dr, Augenheisier's letter, contained in this 
issue, the following errors which appear in his article in the last 
issue, p. 171, require rectifying. These errors — all in the values 
of the horizontal intensity — were contained in the MS. supplied 
by the author, vis., monthly mean, Dec, 1906, should read .35646 in- 
stead of .35676; yearly mean for 1906 should read 0.35655 instead of 
0.35658, and that for 1908, 0.35613 instead of 0.35616. Furthermore, 
the horizontal intensity is decreasing at the average rate of 21 V per 
annum, not increasing, as the author has it. 

Mr, R, L. Farts also calls attention to an error in his copy for the 
article in the June issue, p. loi ; date of disturbance No. 4 should be 
Feb, p, ipo/, instead of Feb. 7. Furthermore, Nos. 13, 14 and 15 apply 
to the year 1909. 
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THE PHYSICAL THEORY OF THE EARTH'S MAGNETIC 

AND ELECTRIC PHENOMENA— No. ii. 

By L. a. Bauer- 

a. Introductory Note. 

b. On the Non-Simultaneity of Magnetic Disturbances. 

a. INTRODUCTORY NOTE. 

15. In the "Foreword" to No. I, one chief purpose of these 
papers was explained, viz., to elicit discussion, the concluding state- 
ment being : 

As. these inquiries prepress I shall be exceedingly grateful for 
any notification of errors in reasoning or misapplication of laboratory 
experimental facts, as well as for suggestions regarding points at 
issue or methods of attack. It is only by the combined effort of many 
minds that any distinct advance can be made in any field today. 
Full credit will be given, of course, for any hints received. 

As No. II was being prepared, a letter was received from 
Adolf Schmidt stating that he would send, within a few days, 
a paper giving the conclusions of his own researches on magnetic 
storms. Accordingly the September issue was held back three weeks 
pending arrival of Schmidt's paper ; his diagrams arrived, but not the 
expected article. With the desire of publishing the views of others 
alongside those of mine, No. II was postponed and the September 
issue appeared without it. On November 2 a letter was received 
from Schmidt stating that, owing to pressure of his various duties, 
he must defer sending his article. 

Perhaps it ought to be explained that Schmidt's recent investi- 
gations on magnetic disturbances have been made in co-operation 
with the Department of Terrestrial Magnetism of the Carnegie 
Institution of Washington. It was thought best to leave to him 
the investigation of magnetic disturbances so as to permit my 
whole time to be given to the problems of the magnetic survey of 
the globe, the burdens of which can be but little appreciated. Pend- 
ing the conclusion of Schmidt's labors, it was decided to defer* com- 
pletion of the discussion of the magnetic disturbance of May 8, 
1902, which, as may be recalled, occurred remarkably coincident 
with the eruption of Mont Pele. The Department had in its archives 
the most complete data relating to this disturbance, the material 
embracing nearly every magnetic observatory over the whole globe. 
But, in the meanwhile, a discussion of this disturbance was under- 
taken by Chree, the results of whose investigation did not come to 
my attention until the receipt of a printed copy of his presidential 
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address, February 12, 1909, before the London Physical Society — 
almost a year after its delivery. The 1909 volume of the Antarctic 
Expedition containing the discussion in full was received about the 
same time. Chree's discussion was based upon but five stations 
against about twenty-five available ones in my possession. Hence, 
although very hard pressed at the time with onerous duties of vari- 
ous kinds, I undertook to push to partial completion, at least, the 
investigation of the "Mont Pele Disturbance." 

16. While engaged on the study of this interesting disturbance 
of May 8, 1902, I was led to the question as to the strict simul- 
taneity of magnetic disturbances, and so looked up the literature. 
I was gradually led to conclusions at variance with some of those 
in Birkeland's book (Vol. I, The Norwegian Aurora Polaris 
-Expedition, 1902-03). Up to that time there had appeared in 
print only favorable notices of the Birkeland-Stormer theory of 
magnetic disturbances. The most elaborate review was that of 
Nippoldt in the "Beitrage zur Ge^hysik," v. X. No. 2, pp. 96-100, 
published in December, 1909. Though familiar with Schmidt's 
theory of magnetic disturbances, which had been attacked by Birke- 
land, he had nothing to say in defense, but instead endorsed Birke- 
bnd's work in every respect ; it was natural to conclude, therefore, 
that Schmidt had abandoned his theory of wandering vortices. 
(Met. ZS.. 1899, p. 385.) 

This was the status of matters when the various papers on 
magnetic disturbances published by me during the present year 
were in progress. After the adverse conclusions on the portions 
of Birkeland's cathode theory in question had been reached, there 
was received Chree's address before the Royal Institution last spring, 
in which, proceeding on different lines from mine, he had also 
reached some unfavorable opinions of this theory. 

17. Chree has recently made some criticisms of my own papers, 
the only information regarding which I have at present are abstracts 
in Nature, 

If he is reported correctly, then it would seem that he has 
not wholly understood me. Could Nos. II and III have appeared, 
as planned, he would have found that some of the points raised 
by him have already been covered. In view of the renewed in- 
terest being shown now in magnetic storms, it is to be regretted 
that Mr. Faris's article on the most interesting and suggestive mag- 
netic perturbations thus far come to light — ^those of December 29 
to 31, 1908 — and No. Ill, containing the results of the mathe- 
matical analysis of this, as well as of other disturbances, must be 
deferred for want of space to the next issue (March, 191 1). Chree 
devotes a large part of his criticisms in an attempt to break down 
the correctness of Faris's data. I think Chree will soon find that 
he is wrong; in the meantime, he is referred to the instructive 
exhibit as to the accuracy of time scalings, following the methods 
of the Coast and Geodetic Survey magnetic observatories, given 
by Faris on pp. 213-214 of this issue. 
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MAGNETIC DISTURBANCES 22 1 

h, ON THE NON-SIMULTANEITY OF MAGNETIC 
DISTURBANCES. 

18. The chief physical fact that I desired to emphasize as new 
in my paper on the "Beginning and Propagation of Magnetic Dis- 
turbances" {Terr, Mag., XV, 1910, p. 9) was that, contrary to 
previous belief, magnetic storms began at measurably diflFerent times 
at distant points of the Earth's surface — in brief, that magnetic dis- 
turbances do not, in general, begin at the same absolute instant 
over the whole Earth, Mr. R. L. Paris next took up the question 
and showed, with the aid of fifteen cases of sudden disturbances 
between July 29, 1906, and Sept. 25, 1909, that, even over the 
limited region embraced by the five magnetic observatories, Porto 
Rico, Cheltenham (Maryland), Baldwin (Kansas), Sitka (Alaska), 
and Honolulu, the times of beginning were appreciably diflFerent. 
Besides that, he verified a fact already previously found by van 
Bemmelen that for the same station the time of beginning of a 
disturbance may be measurably different for the three registered 
elements — ^the declination, the horizonal and the vertical intensity. 

The opinion generally held previous to the researches of Paris 
and of myself is well shown by the following quotation from Nip- 
poldt's "Erdmagnetismus, Erdstrom und Polarlicht," 1903, p. 69: 

Wie ein Ungewitter die trage Ruhe eines heissen Sommertages 
plotzlich in ihr Gegenteil, in Sturm und Regenschauer verwandelt, 
so bricht auch die magnetische Storung oft plotzlich und ohne jedes 
Anzeichen aus und zwingt die Nadel des Variometers zu lebhaftester 
Beweg^ng. Man spricht daher wohl auch von einem "magnetischen 
Gewitter." Der Unterschied gegen die meteorologischen ist aber 
der, dass die Eintrittszeit fiir das ganze Gebiet, in dem die Storung 
auftritt, nicht messbar verschieden ist ; wahrscheinlich ist sie dieselbe. 
Man hat daher solche Ausbruchszeiten und ahnliche scharf be- 
stimmte Phasen einer Storung dazu benutzen wollen, den Unter- 
schied der geographischen Lange zweier Orte zu bestimmen. Das 
gestorte Gebiet ist oft so gross, dass es die ganze Erde umfasst. 

It will be seen that Nipp)oldt distinctly states that the times 
of beginning of a magnetic disturbance over the entire region in- 
volved "are not measurably diflFerent and probably the same every- 
where," and he refers to the proposed use accordingly of magnetic 
disturbances for determining longitude. 

In Nature, May 19, 1910, p. 355, Chree says : "These sudden 
commencements of storms are not unusual, and seem to occur simul- 
taneously all over the earth." 
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19, Let us begin with the very disturbance — the one of May 
8, 1902 — which first led to the inquiry. The reader who wishes 
to get an idea of the character of the disturbance may be referred 
to the various curves, Figures i and 2 in Terr, Mag,, XV, p. 14. 
The times of beginning for 25 observatories were scaled in my office 
by two of my assistants several years ago, before any question 
arose regarding non-simultaneity; they will be found in Table I, 
p. 13, of this volume. Quoting from that paper (p. 14) : 

In order to minimize the effect of the inevitable uncertainties 
in the time determinations, the results were summarized in the fol- 
lowing three groups : 

Group I represents the average of all European observatories 
(eight for horizontal intensity and eleven for declination, stations 
Nos. i-ii). Group II, the average of eight observatories situated in 
the Indian Ocean, Asia, Australia, and New Zealand (stations 12 to 
19), and Group III is the average of the six observatories located in 
the Hawaiian Islands, North America, and Staten Island in the 
South Atlantic Ocean (stations 20 to 25). In forming the weighted 
mean time, in the last column of Table II, double weight has been 
given to the time derived from the horizontal intensity magneto- 
grams for the reason already stated. 

Tablb II. Greenwich mean civil times of magnetic disturbance May 8 
1902, arranged in three groups. 



Group 


Average 


Disturbance began Greenwich Mean 
Civil Time 


l««tUude 


Longitude 


Hor. Int. 

H 


Decl'n 
D 


Weigrtited 
Memn 


I 

II 

III 




1.7 N 
25.3 N 




9.7 K 
111.4 E 
258.1 E 


h m 
II 58.24 
58.72 
60.31 


h m 
II 57.89 
5913 
5956 


h m 
11 5812 
58.86 
60.06 


Mean 


26.1 N 


126.4 E 


II 5909 


II 58.86 


II 5901 



Looking over these figures, it is seen that for both elements 
(// and D), the time of beginning increases with increasing east 
longitude. Letting x =" time it took the disturbance to pass over 
90 equatorial degrees of longitude, i, e,, over a quadrant of the Earth, 
we find for the value, by least squares, 0.886™; hence, to travel 
around the Earth completely it would take the disturbance 4 times 
0.886 = 3.55*", or about three and one-half minutes — 2l measurable 
interval especially by taking the mean, as was done, of several sta- 
tions. Practically the same result is reached by treating the H and 
D times separately instead of combining into a weighted mean. 
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The times as obtained from the vertical comp)onent Z were not 
considered in above table on account of the greater difficulty in 
accurate scaling of time as compared with D and H; there were but 
few of these any way. The aim was to have a recorded time for 
each group, to which, as far as circumstances permitted one to 
judge, about the same weight could be attached. 

Since this table was published, slightly diflFerent combinations 
have been formed and a separation of stations for Northern and 
Southern Hemispheres was made; however, the general result is 
the same, the time required to pass over a quadrant being such 
that, if the disturbance continued around the whole earth at the same 
rate, it would take about 4 minutes. 

[Instead of defining x as the time required for an arc embrac- 
ing 90 equatorial degrees of longitude, it would doubtless have been 
better to have said an arc covering one fourth of a great circle. I 
have provisionally used this quantity as a convenient way of ex- 
pressing, according to a common measure, the resulting time dif- 
ferences in units on the order of the possible error of the scalings. 
That I do not suppose the actual progression of the cause of the 
disturbance to be overhead in the plane of the geographic equator, 
as Chree infers, must be clear from my statements on pp. 20, 25, 
and from my method of analysis {Terr. Mag., v. XV, p. 21). More 
will be said on this point in No. III. In the following paragraphs the 
plus sign is given to x when the times increase going east and a 
minus sign for progression of the times wesward.] 

20. Next was considered the magnetic disturbance of Jan. 26, 
1903, for which Birkeland had scaled the times himself, not only 
for the point of beginning (i), but also for 5 other characteristic 
points (2 to 6). In the combinations made in the previous paper 
(pp. 17, 18), it was overlooked that the order in which Birkeland 
had tabulated the 17 stations embraced was not strictly according 
to increasing east longitude. Re-arranging and making two groups, 
viz., W {7 stations in the Northern and Western Hemispheres) 
and B (8 stations in the Northern and Eastern Hemispheres) Table 
III results. After each time is given the number, n, of available 
stations for the particular point considered. [While this article is 
passing through the press, I am enabled to make further improve- 
ments with the aid of some corrections on Birkeland's scalings for 
point (i), made by O. Krogness, Nature, Dec. 8, 1910, p. 171.] 

Note the persistence in sign of the differences, E-W, in spite 
of the fact that diflFerent combinations of observatories occur in 
general, for each of the 6 points considered. Birkeland does not 
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State from what element (D, H or Z) he got his time; this, as has 
been shown by Fans (Terr. Mag., xv, p. 104), is a very important 
matter. 

21. Now, as to the examination made by Ellis (Proc. Roy. Soc, 
Vol. 52, p. 191) ; 17 cases of abruptly beginning magnetic storms 
during the period April 16, 1882 to July 17, 1889, were embraced 
in his investigation. Table IV is a reproduction of his Table I, 
only the last three columns having been added by me. The first 
half tabulates the time for 8 observatories, next the mean of all 
for each disturbance is formed ; the second half gives the diflFerencc 

Tabi«b III. Greenwich mean civil times far magnetic disturbance ^ January 26^ i9<^3' 





Ave rage 
LaUtnde 


ATcrmice 
Longitude 


ATerage Greenwich Mean CivU Time for Point 




Group 


I 


2 


3 


4 


5 


6 




t 


n 


t 


n 


t 


c 


t 


n 


t 


n 


t 


■ 


w 

B 


40.63 N 
44.70 N 




59.77 w 

48.98 B 


h m 

8 53.62 

53-05 


5 

4 


h m 
10 52.53 

52.90 


3 
4 


h m 
II 30.58 

31.32 


4 
6 


h m 
12 32.12 

32.12 


4 
8 


h m 

13 53. «o 

53.56 


3 
8 


k m 

14 17.28 

18.20 


4 
• 


B-W 






-1-0.43 




-1-0.37 




-I-0.74 




0.00 




-H»^46 




-H>.92 





Meanofa]l(te-t^) ^ + 0.58' 

Arc of great circle connecting B and W » 73* "S* 

m 
X * time required to paaa over a quadrant «• 0.58 X 90 «• +0.71* 

73.5 
T — time required to paaa orer a great circle * + 2.8. 

or deviation found by subtracting the mean time of 8 stations from 
the times for the individual stations. Even Ellis calls attention 
to the remarkable persistence in the signs of the deviations which, 
in general, prevail. Simply looking casually over the deviations, 
the impression is obtained that they are subject to some systematic 
run. To bring this fact out more clearly, the columns W and B 
were formed, which give, respectively, the mean deviations for 
the first four and the second four observatories. A minus deviation 
would mean that the time for any one station, or combination of 
stations, is less than the mean of all stations. The last column 
gives the difference E-W, 1. c, tt-tn. Note that in but 3 instances 
out of 17, covering 7 years of observation, the sign of B-W is nega- 
tive; in other words, the average time of beginning of a sudden 
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disturbance as deduced from an easterly group of stations is\ in the 
majority of cases greater than that for a westerly group. 

m 
Average plus (/^ — C)~ +0-95; 14 ««»«« 

Average minus (/^—/^)= —0.79; 3 cases 

Average (/^ — ij) regardless of sigu = :i:0.92 ; 17 cases 

Average [i, — /^) regarding sigH = -f 0.64; 17 cases 

o 
Arc of great circle connecting £ and JV=: 74.9 

T=average time required to pass around a great 

circle, regardless of direction of progressiond:^ =b a92 x 360 *" 

74:^ =*"•'* 

T=average time required for a great circle, if di- 
rection be considered ^ -f a64 x 360 

74.9 ^ 

22. Thus far then the general conclusion might appareiltly be 
safely drawn that there is a strong persistence in the progression 
of a sudden disturbance to the eastward at a speed such that a great 
circle of the Earth would be traversed in about 4 minutes, 
hence on the order of 100 miles per second. However, since the 
proof depends no little on Ellis's table, embracing time scalings 
which, as he himself states, may in individual cases be in error by 
as much as 5 minutes, it was thought highly desirable to under- 
take an entirely fresh investigation based oft the best modem 
methods and under similar circumstances, so as to assure strict 
comparableness in the times for the various stations considered. 
I was so fortunate as to enlist Mr. Faris's interest and he has 
prepared the most valuable data bearing on the question at present 
available. // is very much to be hoped that others will scale thi^ times 
for their respective obsenatories for the same disturbances treated 
by Mr. Paris (Terr. Mag., XV, p. loi), using equal care and treat- 
ing separately each element; the result, with all necessary data cls to 
corrections applied, should be communicated to this Journal for 
publication. Two errors ore to be noted here, viz., Storm No. 4 
should read Feb. 9, 190J, instead of Feb. 7, and Nos. 13, 14, and 15 
apply to iQop. 

Table V has been drawn up with the aid of Tables II, III, and 
IV given by Paris. The East Group comprises in general the three 
observatories, Cheltenham, Porto Rico, and Baldwin, and the West 
Group, Sitka and Honolulu. Occasionally the record from one or 
other of these observatories is missing; in such, cases the figures 
are given in bold-faced type. After tabulating the times of begin- 
ning as derived separately from each element, D, H or Z, the means 
are next formed for each group, taking the three elements together. 
DHZ. Next the diflferences in the times for the two group3, E-W 
are formed for each element, as also for all of them together. 
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Note the remarkable agreement in sign in the four cdlumns 
(B'W). A plus sign means that the disturbance began latier for 
the east group than for the west one; the letter B is accordingly 
assigned in the column of "direction" for a plus difference. Whether 
the elapsed time interval is obtained for the two groups from the 
elements by themselves or when combined, the same E or, IV is 
obtained practically for each column. // will be seen that of the 15 
disturbances considered, 10 progressed apparently to the eaist and 
but 5 to the west. 

The average time required to pass over the great circle arc, 69*, 
connecting the mean positions of the two groups is +i."76 for the 
B storms and the same amount — 1.'"76 for the W ones; the numer- 
ical mean (not taking sign into account) is ±i.'"76, and the alge- 
braic mean (taking sign into consideration) is +o.'°59. The speed 
for the numerical mean is such that if the storm progressed com- 
pletely around a great circle, it would take 9."2 or at about 45 miles 
per second; for the algebraic mean, the circuit would be made in 
3."! or the velocity be about 165 miles per second. ; 

23. It seems worth while, in view of the excellence of the fore- 
going data, to give another treatment. Table VI is based on Faris's 
Table I ; it gives the times of beginning for each observatory sepa- 
rately — Honolulu, Sitka, Baldwin, Cheltenham, and Porto Rico, 
in the order of increasing east longitude. Now, however, only 
the mean time from the three elements P, H, Z is tabulated ; for the 
comparatively few cases where one or two of the elements were 
lacking the missing time was supplied from that of one or more 
of the other elements with the aid of Faris's Table V ; the figures so 
obtained are given in bold-faced type. Following the times for each 
observatory, the mean of all is formed, and next the deviations, 
{t'im), of the mean from the individual observatory times, a minus 
sign meaning a less time than the mean of all the observatories. 

The column marked "range" is the numerical sum of the alge- 
braic maximum and minimum deviations; or it is the difference 
between the highest and the lowest of the recorded times of be- 
ginning of the disturbance considered. It will be noticed that the 
range varies from i"^,i to 6^,y; the average value is 3^,3 — over 3 
times the possible error, according to Paris. 

Finally, in the last column is given the value of x (th^ time 
required to pass over a quadrant), as derived by treating the devi- 
ations, Af, by the method of least squares, taking each disturbance 
by itself. A plus value of x means that the motion is to the 
east for the portion of the Earth under consideration, a minus 
sign meaning, of course, a westward progression of the disturl>!ance ; 
note again the preponderance of east motions. The average value 
of X, without regard to sign is zt^,*^26 and with sign +0,^91, so 
that were a complete circuit of a great circle made, the times would 
be respectively, -±9.0 and +3.6 minutes. 
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24. I have now given all the evidence regarding non-simul- 
taneity and progression of disturbances which was before me when 
No. I of this series of papers was prepared. Since then additional 
information has been acquired as contained in the article by 
R. L. Paris {Terr, Mag,, XV, 1910, pp. 209-10). TaWe VII gives 
the times of beginning of possible "precursors" or preliminary dis- 
turbances preceding larger magnetic disturbances which have re- 
cently received the attention of de Moidrey and Paris. 

Tablb VII. Greenwich mean civil times ofbexinninf^ 0/ preliminary disturbances 
according to de Moidrey and Fans. 
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After each time entry there is a column, marked El, which gives 
the element, D, H, or Z, used in the scaling; this column for 
de Moidrey's times, in the absence of definite statements, must be 
left blank. The last column contains the values of x, again de- 
rived by least squares with the aid of the deviations, Af, treating 
each disturbance separately. No value of x is given for No. 13, 
July 10, 1907, since there are only two recorded times, viz., Zi-ka-wei, 
11^ oo.^s, and Cheltenham, 10^ 2t."'i, hence Z — C=+39."4. Could 
we assume that, since the disturbance was not recorded at the two 
intermediate stations, Honolulu and Baldwin, it must have traveled 
eastward from Cheltenham to Zi-ka-wei, the large value of x, 
+ 14.*" I would result; it was not deemed best, however, under the 
circumstances, to enter this value. 

Summary of Results. 

25. Table VIII contains the total evidence available to date 
regarding non-simultaneity and apparent motion of 38 sudden 
magnetic disturbances occurring between the years 1882 to 1909. 
The number of observatories contributing time data and the ap- 
proximate portion of a complete circuit of the Earth embraced 
by them, will be found in the respective columns. The value of 
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Tablb Vlll.—Summary of data respecting motion 0/38 sudden magnetic disturb- 
ances, 1882-igog. 
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civil 
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X, or the time required to pass over 90** or one-fourth of a g^eat 
circle, is given in two columns according to whether the times 
progressed east, for which x is plus, or west, x then having the 
minus sign. The approximate weight to be attached to each re- 
sult is assigned in consideration of all circumstances involved. 
From this table the following results are derived: 

Average time required if a sudden disturbance passed com- 
pletely around a great circle of the Barth, whether to the 
east or to the west: ± 4 X 169 = ±, 6.76 minutes 

The velocity in this case would be : db 99 km8./scc 

Out of 38 cases, but 10 or only one-fourth show a general 
motion of the disturbance, for the portion of the Earth em- 
braced, to the west, whereas for 28 the motion was eastwaid. 

If the average algebraic motion be taken, i. e., taking account 
of the direction of progression, then the average time 
for a complete circuit, for the 38 cases considered, is re- 
duced to : + 4 X 0-74 = + 2.96 minutes 
The velocity now would be : -j- 225 kms./^8ec 

The following conclusion is accordingly drawn: 
Magnetic storms do not begin at precisely the same instant all 
over the Earth, The abruptly beginning ones, in which the effects 
are in general stnall, appear to progress over the Earth more often 
eastwardly, though also at times westwardly, at a speed of about 100 
to 200 kilometers per second, so that if a complete circuit of the 
Earth were made it would require, on the average, between 7 and 3 
minutes. 

Just what the actual path followed by any disturbance may be, 
and its duration, depends upon a variety of conditions; it is, of 
course, no simple path. It remains to point out that the generally 
eastward progression of the sudden disturbances shown in Table 
VIII is in accord with the direction in which the negative electric 
currents would have to circulate around the Earth, in the upper 
regions, to produce the general type of disturbance here considered. 
It is also worth while mentioning that the deflecting effect of 
the Earth's magnetic field on negative electric charges moving 
eastwardly in the upper regions would be to bring them down 
nearer and nearer to the surface; as I have shown in No. I, the 
ionic velocity decreases or the time of progression increases with 
decrease of height. On the other hand, negative charges moving 
westwardly are deflected away from the Earth by its magnetic 
field and the eff^ect on magnetic needles is accordingly diminished 
with westward progression. In brief, the deflecting effect of the 
Earth's magnetic field would be favorable towards the maintenance 
easterly progressing magnetic disturbances and unfavorable for 
the westerly ones. Whether it is due to this fact that a sudden dis- 
turbance progresses more often to the east than to the west, is an 
interesting query. Further discussion must be postponed to the 
next number. 
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